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OFFICERS 


OF THE 


New England Water Works 


Association 
1956-1957 


PRESIDENT 
Epwarp L. Tracy, Director, Division of Sanitary Engineering, State Department of 
Health, Burlington, Vermont. 
(Term expires September 1957) 
VICE PRESIDENTS 
Greorce G. Bocren, Partner, Weston and Sampson, Boston, Mass. 
(Term expires September 1957) 
Crarence L. AHLcREN, Assistant Superintendent, Water Works, Manchester, New Hamp- 


(Term expires September 1958) 
DIRECTORS 
Warren A. Gentner, Deputy Manager and Chief Engineer, Water Bureau of the Metro- 
politan District, Hartford, Connecticut. 
(Term expires September 1957) 
KennetH W. Rosie, Superintendent, Water Department, Brookline, Massachusetts. 
(Term expires September 1958) 
shee C. Karatexas, Chief Engineer, Municipal Water Works, Springfield, Massa- 
chusetts, 


(Term expires September 1959) 
PAST PRESIDENTS 

Rocer G. Oaxman, Superintendent, Water Division, Needham, Massachusetts. 
McA.ary, Superintendent and Treasurer, Camden and Rockland Water Com- 

pany, Rockland, Maine. 

SECRETARY 

Joseru C. Knox, Secretary, New England Interstate Water Pollution Control Commission, 

Boston, Massachusetts. 


TREASURER 
P. Metiey, Commissioner, Water Department, Milton, Massachusetts. 
(Term expires September 1957) 
EDITOR 
Grorce C. Houser, 220 Clyde Street, Brookline 67, Massachusetts. 


HE Association was organized in Boston, Mass., on June 21, 1882, with the object 
of providing its members with means of social intercourse and for the exchange of 
knowledge pertaining to the construction and management of water works. ‘From an 
original membership of only TWENTY-SEVEN, its growth has prospered until now it in- 
cludes the names of over 900 men. Its membership is divided into six classes, viz.: 
A Member shall be an officer or employee of a public or private water works, an engineer, chemist or other 
person qualified to aid or interested in the advancement of knowledge relative to water works. 
An Honorary Member shall be a person of acknowledged eminence in some branch of water supply or of 
engineering. 
a feniet shall be not less than eighteen years not more than twenty-five years of age, a student or connected 
with water supply work. 


An Associate shall be either a person, firm or corporation engaged in f ring or furnishing materials 
or supplies for the construction or maintenance of water works. 
A Corporate Member shall be either a Water Board, C issi Company or Municipal Corporati 
The initiation fees and annual dues are as follows: 
Initiation Fees Annual Dues 

Members $ 3.00 Members $ 8.00 
Juniors 1.00 Juniors 3.00 
Associates 10.00 Associate 25.00 
Corporate Members 10,00 Corporate Members 15.00 


This Association has at least eight regular meetings each year, of which five are held in 
Boston, one in northern New England, ore in southern New England, and one, the annual 
convention, held in September or October on such date as the Executive Committee may 
designate. 
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NO MATTER HOW YOU FIGURE IT... 
When you undertake the purchase of a new pipeline for your water supply 


system, do you figure from the financial angle—low first cost, economical 
installation and a long life for your investment? 


Or are you more interested in the construction of the line—minimum 
excavation, easy assembly, and water-tight joints in a pipe strong enough 
to withstand high pressures and heavy external loads? 


Then, again, your specialty may be maintenance. In that case you proba- 
bly figure minimum repairs through freedom from breaks and leaks to 
be of paramount importance. 


Or is your main concern with operation? If so, you no doubt figure per- 


manent high carrying capacity, low pumping costs and trouble-free 
service to be vital. 


Still, no matter how you figure it, your best answer will 
always be LOCK JOINT CONCRETE PRESSURE 


PIPE, because it most nearly approximates the ideal 
pressure pipe for water works systems, 


— 
| 
- Pressure Weoter Sewer - REINFORCED CONCRETE PIPE - Culvert aqueou! 


TWO HEADS ARE 
BETTER THAN FOUR! 


This assembly consists of two 4-in Rockwell single 
register compound meters, four Fig. 143 Nordstrom 
valves and two 8-in reducing manifolds. The over-all 
laying length conforms to A.W.W.A, standards for 
8-in compound meters 


Dual Unit Compound Meter Manifold 


Is Easiest To Install and Service 


An 8-in compound meter is a heavy, bulky piece of machinery. 
Installation is always a major problem and service a headache. 
You'll save time and effort—earn greater revenue by using 
two-meter Rockwell manifold assemblies. They measure all 
the flows with greater accuracy than a single big compound. 
And the complete assembly weighs approximately 100 lb less. 
It only takes two men to install. 

Too, maintenance is simplified since either meter can be used 
to record off-peak loads while a new or repaired meter is being 
installed. The cost for all this accuracy and convenience is usu-* 
ally less than for a single big meter. Write for complete details. 


ROCKWELL MANUFACTURING COMPANY 


PITTSBURGH 8, PA. Atlanta Boston Charlotte Chicago Dallas Denver Houston 
Los Angeles Midland, Tex. New Orleans New York N. Kansas City Philadelphia 
Pittsburgh Son Francisco Seattle Shreveport Tulsa 

In Canada: Rockwell Manufacturing Company of Canada, Ltd., Toronto, Ontario 


ROCKWELL WATER METERS 
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Reduce Wear, Save Time and Money 
with Mathews Flange Barrel Hydrant 


The Mathews Flange Barrel Hydrant is designed to deliver 
every available gallon of water and to last indefinitely with 
minimum maintenance. Check these important features: 


The Flange Barrel 


The swivel flange at the base of the nozzle section permits 
nozzles to be faced toward any point in the complete 
circle. Saves time on original installation and on re- 
placements. 

On broken hydrants, top cap and nozzle sections can 
usually be salvaged, thus reducing accident costs. 


The Stuffing Box Plate 


Cast integral with the nozzle section, the plate keeps 
water and sediment away from the operating thread. 
Hydrant remains operable in any weather. Wear on the 
operating thread is largely eliminated 


Breakable Flange and Stem Coupling ) 


Optional feature furnished at extra cost. 
Specially designed flange in the stand- 
pipe just above ground level and a fran- 
gible coupling in the hydrant stem are 
designed to snap when struck a blow 
heavy enough to break the hydrant. 
Both can be replaced quickly and without 
excavating, while hydrant head, stand- 
pipe and stem remain undamaged. 


Two-way heads can be replaced with _ nut from sleet, snow or dust. 

steamer and two-way heads without An extension piece may be inserted 

shutting off the water supply. between hydrant head and barre! or 

Shield operating nut protects revolving between barrel and elbow. 
Available with mechanical joint pipe connections. 


Made by R. D. WOOD COMPANY 


Public Ledger Building, Independence Square, Philadelphia 5, Pa. 
Manufacturers of “Sand-Spun” Pipe (centrifugally cast in sand molds) and R.D. Wood Gate Valves ie 
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In Two Sections 


Sliding Type 


The Three “Bigs” in Buying 


1. Standardization 
2. Dependability 
3. Quick Delivery 


CORPORATION 


Genuine Buffalo Cast Iron 
Service. Valve. Roadway and Meter Boxes 


Manhole Frames and Covers 
CULPEPER, VIRGINIA 
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KORNERHORN 


In a vertical basement pipe, 
against the wall or in a corner, 
the Kornerhorn makes a most 
satisfactory meter setting. In- 
stallation is fast and economical 
as pipe threading is eliminated. 
Send for detailed information. 


When Valves 
are Needed 


Ford Kornerhorn valves in- 
stalled on the supply side, 
or on both sides of the 
Kornerhorn add extra con- 
venience and cleanliness 
when meters are changed. 


For Setting 
Meters in 
Basements 


Cut supply 
line. Clamp 
not necessary 
but convenient 
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Add 
Connections 


3. 


Kornerhorn 
in place 


THE FORD METER BOX COMPANY, INC. 
FOR BETTER WATER SERVICES 


Wabash, Indiana 
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H-800 Inserting Valve 
Sizes 4",6” and 8” 


ADD GATE VALVES WITHOUT SHUTDOWN 


It is a simple matter to replace inoperable valves or to 
add needed control at vital points in your water system. 
The Mueller H-800 Inserting Valve may be installed in any 
existing line under pressure. Flow through the main is 
not interrupted and there is no loss of water. Gate valve 
mechanism is identical to Mueller A.W.W.A. standard 
gate valves with interchangeable parts. Once installed in 
line, valve is operated like an ordinary gate valve. 


Write for the “how todo it”story 

on Mueller Inserting Valves. 

It gives a simple step by step MUELLER co. 
procedure for making the in- Dependable Since 1857 

stallation under pressure. MAIN OFFICE & FACTORY DECATUR, ILLINOIS 
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this could happen in your town 


THIS CITY STREET CAVED IN when — tuberculation and interior 
a water main broke. It’s a _ corrosion are permanently checked 


dramatic, but not an unusual... . carrying capacity and 

example of what water does to distribution pressure are increased 

road bedding. to “better than new” highs. And 

] Protect your roads and pipes from _ the whole process is done with 
the problems of leakage by _ pipes in place . . . no excavation 
Centrilining. This patented. . . no traffic disruption. 

process thoroughly cleans and With Centrilining you can save 

centrifugally lines pipes with your water mains. . . and 
cement mortar. Leakage, streets too. 


Write today for free booklet 
CEMENT-MORTAR LININGS FOR PIPES IN PLACE 


3,500,000 FEET (Attar) OF EXPERIENCE 


CENTRILINE CORPORATION 


A subsidiary of Raymond Concrete Pile Co. 
140 CEDAR STREET, NEW YORK 6, N. Y. 


Branch Offices in Principal Cities of United States and Latin America 
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ANOTHER 
FAIRBANKS-MORSE 


F-M Equipment at the New M.D.C. Newton Street Pumping Station, Brookline 


The three Fairbanks, Morse Diesel Engine Driven Pumps pictured above 
are capable of delivering 4.10 Mgd under present operating conditions into 
the system of the M.D.C. and the town of Brookline. 

Under future conditions, following completion of the Commission’s pro- 
posed water system lines, the pumps will deliver water at the rate of 5.10 Mgd 
into the M.D.C.’s Southern Extra-High service lines and into the Bellevue Hill 
Reservoir. 

The design and supervision of this new station for the Water Division of the 
Metropolitan District Commission was by Coffin & Richardson, consulting 
engineers of Boston. 

The 10” x 12” Fairbanks, Morse Figure 5813 Pumps are each driven by a 
Fairbanks, Morse Model 31A614 Diesel Engine. 

A trained Fairbanks, Morse Engineer is on hand to help solve YOUR pump- 
ing problems. 

Write or telephone to: 


FAIRBANKS, MORSE & CO. 


178 Atlantic Avenue Boston 10, Massachusetts 
Telephone: LAfayette 3-3600 
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5. TAR DIP TANK 
6. HYDRAULIC TESTERS 


100 years agO—-WARREN was founded in Phillipsburg, New Jersey, 
dedicated to manufacturing a quality cast iron pipe for transfer of 
water to a growing nation. For the next 75 years pit-cast pipe in all 
sizes and in 12-foot laying length served as the industry standard. In 
fact, even in this atomic age, pit-cast pipe has no peer in larger sizes 
up to 84” in diameter. 


Today—to meet the even greater demand of our rapidly expanding 
nation, WARREN manufactures in Everett, Massachusetts, modern- 
ized cast iron pipe, centrifugally cast in sand-lined molds. Also, cur- 
rently under construction is a deLavaud pipe shop to produce cast 
iron pipe centrifugally-spun in metal molds in 18- and 20-foot lengths. 

That 73 utilities are still using cast iron pipe installed over 100 years 
ago is proof of high quality and dependability of cast iron pipe. 

MODERNIZED cast iron pipe, centrifugally cast, is stronger, tougher, 
more uniform in quality and therefore more efficient, making it the 
world’s most dependable pipe. 


Only Warren, in the United States, casts pressure pipe by the pit-cast, 
sand-spun, and deLavaud processes—thus assuring you the right pipe 
for your particular need. 


with our new, ultra-modern WARREN-SPUN pipe shop now being erected in Phillipsburg, N.J. 


7. CEMENT UNING MACHINE 
8. MECHANICAL JOINT DRILLS 
9. MATERIAL STORAGE 


SHAHMOON 


INDUSTRIES, 


WARREN FOUNDRY & 
PIPE DIVISION 


35 Liperty Street, New 5, N. Y. 
Producers of 
Prt-Cast + Sanp-Spun 
DELAVAUD Pire + Pressure Pire 
Firrmvcs + CasTINGs 


MAcNeTITE Iron One * CRUSHED STONE 
& Sanp 


In Our Second Century of FLOWING PROGRESS 
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CITY OF BROCKTON — SILVER LAKE STATION 


Shown above are two 400 HP motor driven pumping sets each con- 
sisting of two single stage pumps in series with overhead cross-over 
piping. The unit design conditions are 4500 G.P.M. against 300 Ft. 
T.D.H. The firm of Hayden, Harding and Buchanan prepared the 
plans and specifications and supervised the installation of all the 
equipment. 


TURBINE EQUIPMENT COMPANY OF 
NEW ENGLAND 
Phone Liberty 2-5993 


80 Federal Street Boston 10, Mass. 


New England Representatives for 


DE LAVAL STEAM TURBINE COMPANY 
TRENTON, NEW JERSEY 
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WATER STORAGE TANKS 


| —to communities and 
| industries everywhere 


The requirements of the consumer for safe, 
dependable water supply at constant pressure 
around the clock are met with maximum 
efficiency and economy by PDM steel storage 
units—available in a wide range of elevated 
steel tank types, and all sizes of steel reservoirs 
and standpipes for service where natural ele- 
vations are adequate. @ Our experience is at 
your service in consultation. Our craftsman- 
ship and guarantee of satisfac- 

tion are part of every job. 

Estimates and quotations pro- 

vided promptly on request. 


Write for our brochures on PDM 
Elevated Tanks, and Reservoirs. 


PITTSBURGH - DES MOINES STEEL CO. 


Plants at PITTSBURGH, DES MOINES, SANTA CLARA, FRESNO, and CADIZ, SPAIN 


Pittsburgh (25) 


Sales Offices at: 


3424 Neville Island Des Moines (8) 925 Tuttle Street 


Newark (2) 221 Industrial Office Bidg. Dallas (1)....1229 Praetorian Building 
Chicago (3) 1228 National Bank Bldg. Seattle . 532 Lane Street 


El Monte, Cal........ 


piesteongl P. O. Box 2068 Santa Clara, Cal. 631 Alviso Road 


Madrid, Spain Diego DeLeon, 60 
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P. SMITH MANUFACTURING CO. 


FIRE HYDRANTS A. W. W. A. Specification 
and High Pressure — Compression Type — Dry and Wet Barrel 
Types. D GATE VALVES sizes 2” thru 66", Manual, Hydraulic 
Cylinder, Electric Motor Operated for Low, Medium and High Pres- 


sure Service. INSERTING VALVES sizes 4" thru 48” for 
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SMITH MFG. CO. 


ANGE. NEW JERSEY 


THE ALP. 


| 
Gan 
5 
4 
inserting under pressure. TAPPING SLEEVE AND VALVES 
sizes 4" x 2" thru 60” x 48” for branch connections under pressure. . 
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dreds’ ‘ot. Pollard customers. you'll fine 
and convenient to order pipe line. 


Here under one roof ond listed in one cadingreh 
log are al! the time and money saving products yt 
the 0b. Each is guaranteed for dependability. 


POMP 


IOINT RUNNERS 


M SCOPE PIPE FINDER 


MELTING FURNACE 


LINE EQUIPMENT 
If it’s from POLLARD ... It's the Best in Pipe Line Equipment 


1064 Peoples Gas Building, Chicago, IIlinois 


333 Candler Building, Atiante, Georgia 


PIPE LINE EQUIPMENT 


PIPE LINE EQUIPMENT 


POLLARD NEW HYDE PARK * NEW YO 
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Ludlow hydrants incorporate all the ad- 
vantages and meet all the requirements 
for safety, durability and economy. 


HERE'S WHY: 


1, POP-OFF SLEEVE COUPLING: releases hydrant head from 
stem in event of traffic damage. 


2. BREAKABLE GROUND LINE FLANGE eliminates digging. 
3. NO FLOODING. Closed hydrant remains locked —even in 


event of traffic accident. 


- NO FREEZING. Positive drip action, at extreme bottom, 
assures complete drainage. 


5. 90,000 TENSILE STRENGTH rolled Everdur threaded stem: 


section completely eliminates stem failure. 


6. LESS OPERATING TORQUE. New, non-binding upper 
and lower “O” rings trap lubricant __. assure positive water 
tight seal . . . require no servicing. 


THE RESULT: LOW INITIAL COST—YEAR AFTER YEAR — OF 


TROUBLE-FREE SERVICE. 


“NO POSSIBLE DIFFERENCE IN FIRST COST CAN 
OVERBALANCE THE PERPETUAL ECONOMY OF QUALITY.” 


UDLOW 


VALVE MFG. CO., INC. troy,Nn.y. 


GATE VALVES + FIRE HYDRANTS + SQUARE BOTTOM VALVES 
CHECK VALVES + TAPPING SLEEVES + AIR RELEASE VALVES 


THE 


2 
MECHANICAL JOINT END 
Be 
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It costs more to dig up a valve than it does 
to be sure chat the valve is right in the first 
place. Rensselaer A.W.W.A. Valves have 
been giving satisfactory service in hundreds 
of cities for many years, and there are many 
“reasons why.” 

The well known Rensselaer wedge mech- 
anism, for instance, presses the gates firmly 
against the valve seats on closing, but on the 
first turn of the opening, the wedging mech- 
anism is released and the gates are free. 

The generous use of solid bronze, the rust 
proofing and the simplicity of servicing make 
for long life and low maintenance. All parts 
are interchangeable and accurate because of 
the precision casting and machining. 

Only two types of valve ends are shown. All types are available together 
with tapping valves and other accessories. 


The names, Ludlow and Rensselaer mean the same today that they have 
during your lifetime. The desire to serve the Water Works Field in person 
—in research and design and in prompt delivery of original equipment and 
spare parts for all products has not changed. On the other hand, our ability 
to serve has at least doubled. 
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ensselaer 
VALVE CoO. TROY, NEW YORK 


GATE VALVES + FIRE HYDRANTS « SQUARE BOTTOM VALVE 
CHECK VALVES * TAPPING SLEEVES = AIR RELEASE VALVES 


DIVISION OF 
THE LUDLOW VALVE 
MANUFACTURING CO., INC. 
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How NEW is this Meter? 


It was built in 1913 . . . but it’s almost as new as 1956. Over the years, 
working parts have been replaced. Its performance matches every 
standard of modern metering practice. 

The parts used to repair this meter at its last overhaul are identical 
to those used in the latest Trident meters. They embody every thor- 
oughly tested advancement known to the science of metering. 

Designing modern parts to fit “old” meters has been a rigid Nep- 
tune policy for over 50 years. It is just one of the extra advantages 
that make Tridents a better buy . . . both for today and for the years 
to come. 


NEPTUNE METER COMPANY 
19 West 50th Street, New York 20, N. Y. 


NEPTUNE METERS, LTD. 
1430 Lakeshore Road, Toronto 14, Ontario 


Bronch Offices in Principal 
American and Canedian Cities. 
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New England Water Works Association 


ORGANIZED 1882 


Vor. LXX SEPTEMBER, 1956 No. 3 


This Association, as a body, is not responsible for the statements or opinions of any individual 


WATER-SUPPLY IMPROVEMENTS AND DISTRIBUTION 
PROBLEMS AT HOLDEN 


BY PHILIP W. HAMMOND* 


[Read September 19, 1955.) 


Holden is located 7 miles northwest of the city of Worcester, in 
central Massachusetts. Its main claims to fame are being in the path 
of the 1953 tornado, and having the first regional high school built in 
Massachusetts and the first town-manager form of government in 
Worcester County. 

Previous to 1955 the water supply was obtained from Muscho- 
pauge Pond, located in the town of Rutland, about 0.3 mile from the 
Holden town line. Holden’s right to use this supply was established 
by Chapter 180, Massachusetts Special Acts of 1896, and limited only 
by the prior rights of Rutland, which have not been defined by legis- 
lation. Service was supplied by gravity from Muschopauge Pond 
through a 20-in. intake and 14-in. to 12-in. to 10-in. mains, laid in 
1905. The pressure gradient of the system is determined by the water 
level in Muschopauge Pond at elevation 1,028 ft above mean sea 
level, creating a water pressure of 60 Ib to 140 Ib. 

Muschopauge Pond has a drainage area of 0.51 square mile, a 
water surface of 63.5 acres (19.5% of the total drainage area), and 
a storage of 225 mil gal for the top 12-foot depth. The safe yield of 
this supply is estimated at 450,000 gal per day. The present average 
daily consumption of the towns of Holden and Rutland is 680,000 gal 
per day. 

In 1930 the lowest water level of record was measured at 12.5 ft 
below high water, at which time Holden lowered its intake, by in- 
stalling a 12-in. cast-iron-pipe inverted siphon, to a point 32 ft below 
high water and installed a vacuum pump to keep the siphon primed, 
so as to permit water to be drawn at a level of 22 ft below high water. 


*Superintendent, Water and Sewer Dept., Holden, Mass. 
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WATER-SUPPLY IMPROVEMENTS AT HOLDEN 


Population growth in Holden had been fairly constant, from 
2,000 in 1905 to 3,500 in 1930; with a leveling-of during the depres- 
sion and war years it reached 6,000 in 1950. By 1955 we were at 
9,000-plus population. Like other communities, our water consump- 
tion had increased from an average of 182,000 gal per day in 1935 
to 413,000 gal per day in 1955, with a peak day of 926,000 gal in 
August. In 1935 Holden’s water system consisted of 674 takers; in 
1950, 1,465 takers; and in August, 1955, 2,060 takers of water. At 
the end of 1954, Holden had 45 miles of water mains and 289 hy- 
drants. The system expanded 12% miles in the last 4 years. 

During the summer of 1949, the draft on our system was great 
enough so that families in the highest section of town were without 
water for about 3 or 4 hours on high-consumption days. This fact 
was immediately reported to the Board of Water Commissioners, and 
they in turn asked the town at a special town meeting in November 
to appropriate the sum of $3,000.00 for an engineering survey, which 
was granted. 

The firm of Metcalf & Eddy was employed to make such a study 
and report to the Commissioners as soon as possible. The engineers 
reported in 1950 that the town should: 

#1. Explore Quinapoxet Valley and other suitable locations for 
development of an auxiliary ground-water supply or negotiate with 
the city of Worcester for purchase of water. 

#2. Construct a meter and chemical building near the present 
reservoir. 

#3. Lay 12-in. pipe in Millbrook St. and North Main St. 

#4. Erect a 500,000-gal elevated storage tank in Chaffins sec- 
tion of town (the section of town where we had our first pressure 
problems). 

#5. Erect a 500,000-gal elevated storage tank in Holden Cen- 
ter, along with some necessary increase in size of main. 

Articles were put in the 1951 annual town meeting for the con- 
struction of the elevated tank in Chaffins, the construction of a 
meter and chemical building, and for water exploration. Of these 
three, the articles for the construction of the meter and chemical 
building and the water exploration were approved. 

During this period the two miles of 12-in. Transite pipe, sug- 
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gested by the engineers, was laid by the Water Department from near 
the reservoir to the village of Jefferson. This pipe gave added flow 
for fire protection and a dual line to this point in case of a break in 
the old 14-in. cast-iron pipe. 

Negotiations were started in 1951 with the city of Worcester 
for the purchase of water from their reservoirs, which are located in 
Holden. The last large body of water in Holden had recently been 
purchased by Worcester from the Metropolitan District Commission, 
this water being transmitted through a 36-in. pipeline to the Worcester 
system, which at one point crosses our 12-in. supply line. It was at 
this crossing that we had hoped to procure a supply from Worces- 
ter, but Worcester, having the same problems of water shortage, did 
not care to sell water to Holden. However, Worcester did agree that 
if Holden could not find a suitable ground-water supply, they would 
be willing to negotiate further after completion of their new Quina- 
poxet Reservoir. 

Negotiations were also started in 1951 with the Metropolitan 
District Commission in Boston for the purchase of water from their 
Quabbin Tunnel, which passes under Holden, Shaft 4 being about 
1 mile from our supply line. It was suggested by the Metropolitan 
District Commission that, due to the poor quality of the water in the 
tunnel during certain periods of the year, it would be better for 
Holden to procure a ground-water supply. Some of the water pass- 
ing through the Quabbin Tunnel comes from the Ware River and 
has not had a chance to settle until it reaches Wachusett Reservoir in 
Clinton. 

During this period from 1951 to 1954 inclusive, a restriction on 
watering lawns was asked for by the Commissioners with very good 
results, there being relatively few who did not care to cooperate. 

In accordance with the engineers’ recommendation, the town of 
Holden appropriated money to seek an additional supply of 1 mgd. 
It was hoped that this supply could be obtained from one well, or two 
at the most. The results of extensive test-well work during the years 
1951 through 1953 proved that the finding of a million-gallon well or 
obtaining 1 mgd from any one location or area was seemingly impos- 
sible. 

In 1953 the town adopted a selectmen-town manager form of 
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government, with the duties of the Water Commissioners taken over 
by the Selectmen. At this time it was decided to change engineering 
consultants to Whitman & Howard of Boston, and L. M. Pittendreigh 
was assigned to study Holden’s problems. 

The engineers’ report was substantially the same as previously 
reported by Metcalf & Eddy with two exceptions: (1) the 500,000- 
gal elevated tank proposed in Holden Center was changed to a 
1,000,000-gal standpipe and (2) the 500,000-gal elevated tank in 
Chaffins section was changed to a 250,000-gal elevated tank. 

Experience proved that Muschopauge Pond supply was limited. 
Therefore Whitman & Howard also stated in their report that the 
town should further test each location where some water-bearing 
material was found. As a result of this, additional money was appro- 
priated for this purpose. 

In 1953, 27 wells were driven, totaling nearly 1,000 ft in depth, 
or an average of 37 ft in depth per well. In nearly every case the 
well terminated on ledge. Therefore, in general, the overburden was 
found to be shallow. However, two favorable locations were found— 
namely, near the corner of Manning and Wachusett Streets (which 
we are testing by means of a pumping test at the present time), and 
the Packard’s pit area off Spring St., in the Asnebumskit Brook 
valley. In the latter area test wells revealed approximately 41 ft 
of reasonably good water-bearing sand and gravel. An 8-in. test well 
was driven, together with observation wells, the 8-in. well being 41 ft 
deep and including a 10-ft screen at the bottom. A deep-well pump 
was installed and the well pumped for 6 days at 122 gal per minute. 

Records of the water levels were kept and plotted. The im- 
portant point in the plot was that in the observation well, 2 ft away 
from the 8-in. well, the water level was lowered about 8 ft and 
reached a stabilized level on the 5th day, with a yield of approxi- 
mately 15 gal per foot of drawdown, or at least 200 gpm in a large 
gravel-packed well. 

The quality of the water at Packard’s Pit off Spring St. is ex- 
cellent. The water is low in iron and contains no manganese, being 
practically the same as the water in Muschopauge Pond in every 
respect. 

As a result of this test work, a supplementary report from the 
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engineers recommended the construction of a gravel-walled well, and 
at the annual town meeting in 1954 the town voted to do so. A con- 
tract was awarded to R. E. Chapman of West Boylston to build the 
well. The excavations for the well were made by steel caissons, 
varying in size from 60 in. to 48 in. 

The water is pumped by means of an electric motor-driven tur- 
bine pump, housed in a brick building. Treatment consists of the 
addition of soda ash and Calgon, as is carried out on the Muscho- 
pauge supply. 

At the annual town meeting in March, 1954, the town voted to 
construct a 1,000,000-gal standpipe in Holden Center and a 250,000- 
gal elevated tank in the Chaffins section, along with the necessary 
pipelines. 

The elevation of the overflow of any water-storage facilities in 
a gravity supply system presents somewhat of a problem. If the over- 
flow of storage facilities were constructed at the same elevation as 
the reservoir, the full volume of the facilities would not be used, as 
they would never be full. This is due to the fact that in a gravity 
system there is water flowing in the supply mains 24 hours a day. 
Therefore the hydraulic grade line at Holden Center or in Chaffins 
would always be below the elevation of the reservoir. 

If the overflow of the storage facilities were too low, the water 
would remain stagnant, except in case of fire or exceptionally heavy 
consumption. Likewise, the elevation of the overflow could be de- 
signed for average conditions, so that the stored water would change 
constantly, as the consumption varied. With an elevation at the 
reservoir of 1,028 ft above sea level, it was decided that the hydraulic 
grade line would be at elevation 1,010 ft above sea level at the 
Holden Center Standpipe and at 1,000 ft above sea level at the 
Chaffins Elevated Tank. The overflow of the standpipe is 52 ft 
above the concrete base, and the overflow of the elevated tank 157 ft 
above the concrete base. 

Susi & Desantis of Boston were awarded a contract to lay 5,000 
ft of 12-in., 1,000 ft of 10-in., and 1,800 ft of 8-in. Transite pipe 
and to construct foundations for both tanks, construction getting 
under way in June, 1954. Chicago Bridge & Iron Co. was awarded 
a contract to erect both tanks. They were completed in January, 
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1955, and filled and used at that time without painting, due to cold 
weather. 

In February, the engineers recommended that cleaning of the 
old 12-in., 10-in. and 8-in. supply be undertaken before hot weather. 
The cleaning was delayed by the question as to whether the work was 
to be done by contract or by the Holden Water Department. 

In May the elevated tank was drained and the painters proceeded 
to complete the tank. Before this was finished a very hot spell hit 
us, with a resultant high consumption of water, and difficulty was 
experienced in maintaining water in the elevated tank, due to the low 
coefficient of friction in the old 10- and 8-inch pipe feeding the 
Chaffins area, which up to that time had not been cleaned. The high 
consumption was due to the unrestricted uses of water plus the fact 
that the 1-mil gal standpipe maintained a higher hydraulic grade 

- line in the system than had ever been experienced prior to the con- 
struction of the storage facilities. 

In 1955 our consumption increased from an average of 368,000 
gal per day to an average of 413,000 per day, and during the hot, 
dry days it reached a high of 926,000 gal per day. For this reason 
it was decided not to paint the standpipe until fall. 

It was at this time that the Selectmen, who were now acting 
as Commissioners, decided that the Water Department employees 
should do all work necessary to cleaning the 12-in., 10-in. and 8-in. 
supply mains, some of which were laid in 1905 and some in 1925. 
Flex-o hydraulic pipeline scrapers were used, and the results were 
satisfactory. 

The engineers suggested that the old, existing 10-in. and 8-in. 
supply mains, which we were going to continue to use, should be 
cleaned first. There is a total of 2.5 miles of 10-in. pipe and 0.6 of 
a mile of 8-in. pipe. The cleaning of these lines was divided so as to 
complete the actual cleaning in 3 days. The first day, 1.8 miles were 
cleaned in 14 hours of shutdown time (the excavations were all done 
previously); the second day, the balance of 0.7 of a mile of 10-in. 
pipe was cleaned, and the third day, the 0.6 of a mile of 8-in. pipe 
was cleaned. The only difficulty incurred during all of our cleaning 
was on the second day, when we temporarily lost our cleaning tool 
in a 10-in. tee, of which we did not have a record. 

With the installation of the storage facilities water-service in- 
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terruptions were kept to a minimum. While the 10- and 8-inch mains 
were being cleaned, the Chaffins area was supplied from the elevated 
tank. 

As soon as the excavations for the 10-in. and 8-in. pipe cleaning 
could be backfilled, new excavations were made to clean the 12-in. 
pipe. The 1.4 miles of 12-in. pipe were cleaned in two sections with- 
out serious trouble in two days. During the cleaning of the old, 
single, 12-in. supply main, laid in 1905, Holden Center and Chaffins 
area were supplied from the standpipe and elevated tank. 

The coefficient of the old iron pipe was found to be 45 before 
cleaning and 125 after cleaning. Calgon was applied at the rate of 
4 ppm after cleaning and will be continued indefinitely at 2 ppm to 
control the further growth in these mains. 

At the end of each section to be cleaned a short section was 
removed, to permit the attachment by means of a Dresser coupling 
of a % bend with two short nipples, made up in advance. A 
Dresser coupling was also used to connect another pipe, to bring all 
water and rust to the surface. By making this in two sections, we 
could use our own small backhoe to lower the larger pipe into place. 

To follow the progress of the cleaning tool, we found that the 
use of a Sonoscope on the service boxes and a Geophone Leak Locator 
served the purpose. As we had previously shut off all services and 
side-street mains, their locations were known. 

After the cleaning of the mains the distribution system with 
the new storage facilities supplied unrestricted water to the consum- 
ers with a maximum drop in pressure of only 10 lb at any time. This 
was true during the week ending August 8, 1955, when consumption 
averaged 759,000 gal per day and even during the maximum two-day 
period with over 900,000 gal per day. Previous to 1955 the maxi- 
mum day’s consumption was 650,000 gal, at which time the Chaffins 
section was without water. 

At the present time additional test-well work is being under- 
taken, and if we are unsuccessful in finding the required additional 
ground-water supply, with all potential surface supplies acquired by 
others, the town of Holden will have to petition the Legislature to 
ascertain its rights in Muschopauge Pond and require the Metropoli- 
tan District Commission to furnish sufficient water to meet the town’s 
needs. 
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RECENT OBSERVATIONS OF WATER-WORKS PRACTICES 
IN EUROPE* 


BY E. SHERMAN CHASE? 


[Presented Sept. 20, 1955.]} 


I had two reasons for my European trip this last summer. The 
first reason was to attend the summer meeting of the Institution of 
Water Engineers, upon which I reported at yesterday morning’s 
session, as you who were present at the opening session will remem- 
ber. The second reason was attendance at the Third International 
Water Supply Congress in London, at which I was a “general rap- 
porteur” on one of the nine subjects under discussion. 

The summer meeting of the Institution of Water Engineers was 
held at Richmond outside of London, upstream on the Thames. The 
course of the meeting was about as it usually is, with only one or 
two prepared papers and a number of excursions to water-works 
undertakings in the vicinity, particularly to works of the London 
Metropolitan Water Board, none of which was too far away, and 
also to a new water undertaking in the County of Surrey, also not 
far distant. The meeting, as usual, was characterized by quite a 
number of social functions. I think the Institution puts a little more 
stress on social activities and excursions to works, perhaps, than we 
do, and not quite so much on technical matters. 

The Third International Water Supply Congress was attended 
by delegates from something like 37 different countries, ranging from 
Australia and Indo-China to Mexico and the United States. Here the 
procedure was quite different from anything we have over here. There 
were some nine different subjects under discussion. The way these 
discussions functioned was by the appointment a couple of years ago 
of a general rapporteur for each of the subjects, who had associated 
with him national rapporteurs from many different countries. In my 
case there were something like 17 different countries represented by 


*Talk with lantern slides at the Lake Placid convention. 
,tPartner, Metcalf & Eddy, Statler Bldg., Boston 16, Mass. 
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national rapporteurs. The national rapporteurs sent to the general 
rapporteur answers to questionnaires, data and general information 
on the subject that the general rapporteur had to report upon. 

At the session the general rapporteur would give a summary of 
his report which, incidentally, had been printed in advance and had 
been distributed in pamphlet form to all of the attending delegates. 
Consequently, most of the delegates had had a chance to read the 
report and digest the findings and conclusions, and, if a delegate so 
desired, he could come prepared to discuss the report. The report, 
being given in summary form, did not take many minutes. I think 
I took about 20 minutes, and then the discussion lasted the rest 
of the afternoon. Sometimes a matter was discussed without any evi- 
dence of a controversy, such as we see in the case of the discussion 
of fluorides; in other cases we got into quite a discussion, particu- 
larly in my own case, the subject of which was methods for charging 
for water, the controversy being whether to meter or not. 

To a very large extent the English as a whole look with abhor- 
rence upon meters. On the continent, on the other hand, there seems 
to be an increasing desire to install meters. Perhaps the reason for 
the reluctance of the English to resort to metering as a basis for 
charging for the water which is used by the individual consumer is 
the fact that the English seem to have a rather socialistic point of 
view. Their point of view is that every citizen is entitled to an ample 
supply of good safe water and that he should pay for it, not in ac- 
cordance with how much he uses, but in accordance with his ability 
to pay. This philosophy results in charges upon the assessed value 
of the property served. In other words, it is just another form of 
taxation, like a real estate tax, which is quite contrary to our general 
thinking over here. 

Most water-works men over here think of their service as a busi- 
ness proposition and that people should pay for what they get, which 
is not in conformity with the British point of view: namely, that 
everybody should have water almost as freely as air. 

Of English water works in general I did not have an opportunity 
to see very many on this trip. I did see quite a little of some of the 
London Metropolitan Water Works, which I had seen before. But on 
occasion of the Institution meeting excursions took us to the older 
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Hampton Works, which are the largest works operated by the Board, 
with a filter capacity of about 120 mgd, and a capacity for providing 
about 45 mgd additional, either partly treated or without treatment. 

Many of our members probably remember Mr. Cronin’s talk at 
Groton in 1952, when he described the London Water Works,* but 
probably not the details. Roughly two-thirds of the supply of Lon- 
don comes from the Thames. This water is pretty badly polluted in 
the raw state, so that before filtration it is stored in large open res- 
ervoirs. These reservoirs are constructed in a substantially flat plain 
by digging a big hole in the ground and forming a circumferential 
embankment all around the hole, so that it is like an enormous wash- 
bowl. The Hampton Works supply comes from the Queen Mary 
Reservoir, 130 acres in area, built 25 or 30 years ago. As the result 
of the poor quality of raw water, the large amount of food material 
provides for heavy growths of algae, aggravated by the long period 
of storage. 

Incidentally, the Thames River water is very difficult to 
coagulate with ordinary coagulating chemicals. The water is so 
difficult to handle that the idea of coagulation for rapid sand filtra- 
tion has been given up. The result is that, although the original 
Thames supply was filtered with the old slow sand filters, clogging of 
the filters became so serious that they have installed, ahead of the slow 
sand filters, both older ones and new ones, rapid sand filters, which 
are used without the coagulant. Without coagulation the rapid filters 
simply act as strainers. 

At the Hampton Works they have 32 rapid sand filters used with- 
out coagulants, covering an area of about 1 acre, followed by what 
are called secondary filters, which are slow sand filters, something like 
38 units, covering nearly 42 acres. 

Following filtration, chlorine is used for disinfection, and at the 
Hampton Works there are both high and low pumping services. 

The other major works which we visited were the Ashford Com- 
mon Works, which is the first major construction job undertaken by 
the Water Board since the war. Mr. Cronin spoke about it when he 
was here 3 years ago. This plant was under construction 6 years ago 
and is still not completed. They have had a good deal of difficulty in 
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getting materials, equipment, etc. Particularly during the previous 
national administration the water works were sort of a stepchild, as 
far as the administration was concerned, and other things, such as 
rural electrification and housing, etc., got priority. It seems to me 
that, not unlike it is over here, the last thing that is thought about or 
given attention is the water-works industry. We have to stand up 
and holler to get attention. Other things, which to us, at least, seem 
less important, get priority. 

The Ashford Common Works will have a capacity of 90 mgd. 
These are English gallons, and it takes 5 U. S. gallons to make 4 Eng- 
lish gallons. This plant will include 24 microstrainers, which were de- 
scribed to us last March by Dr. Boucher.* These will be 10 ft long 
and 10 ft in diameter—very large pieces of equipment—followed by 
32 slow sand filters, covering an area of 24 acres. These filters are 
expected to be able to handle the water after passing the microstrain- 
ers. Slow sand filters at other plants have handled the water that 
has passed through rapid sand filters. Before the microstrainers were 
adopted instead of rapid sand filters, experiments were carried on for 
2, 3 or 4 years with a 5-mgd pilot plant with microstrainers. After 
microstraining the water was run through existing slow sand-filter 
beds, to demonstrate beyond doubt that the sand filters could be oper- 
ated preceded by microstrainers, instead of the more expensive, rapid 
sand filters. After sand filtration the water will be given a final chlorin- 
ation, followed by a 2-hr contact period. 

At the Ashford Common Works there will be two types of clean- 
ing mechanisms for the slow sand-filter beds, one of which will in- 
volve skimming off the dirty sand and removing it for washing out- 
side the filter. The other is a new development of a mechanism which 
will wash the sand on the bed without removing it. 

Another trip was to the offices of the Metropolitan Water Board, 
which are located on the site of the original water works of London 
from the so-called New River Supply, brought into London in 1613 
by Sir Hugh Myddelton, the engineer. At this location are not only 
the head offices of the Board but also a large laboratory for the main- 
tenance of the quality of water, research work, and similar activities. 
It is of interest to this Association that in the foyer entrance to 
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the laboratory there is a plaque showing the head of Sir Alexander 
Houston, who was an honorary member of this Association at the 
time of his death, about twenty years ago. He was the first director 
of water examination for the Metropolitan Water Board and was re- 
sponsible for the pioneering work in the disinfection of water by the 
use of chlorine. 

Another trip was out to a new development, the so-called Weir 
Wood Water Board Supply, in the County of Surrey, not so far from 
Richmond, where there had been completed recently an earth dam 
forming an impounding reservoir of some 1,240-mil gal capacity, with 
about a 10-sq mi drainage area, and with a net yield of about 3 mgd, 
at a cost of about $4,200,000. 

The English, I think, go in quite a lot for earth dams, using clay 
core walls and bell-mouth spillways. 

The water after impounding is delivered under gravity to a filter 
plant, where it is prechlorinated, coagulated, passed through a sedi- 
mentation basin, through the sand filters, and finally chlorinated. 
Lime control of the pH index is also provided. The filtered water is 
delivered through a couple of trunk mains to the district to be served, 
one main being a 24-inch and the other a 12-inch, each lined and 
sheathed with bitumen and provided with cathodic protection. 

I do want to mention the fact that a very interesting development 
has taken place since the war in The Netherlands, under the auspices 
of the Institution of Water Engineers of The Netherlands and The 
Netherlands Water Works Association. As in Great Britain, there are 
two Associations; the Water Works Associations are comparable to 
our New England and to our American Water Works Associations, 
which are made up of water-works men of all types: water superin- 
tendents, manufacturers’ representatives and water boards, as well as 
engineers, chemists and other technical men. In contrast, the Institu- 
tions of Water Engineers in both The Netherlands and Great Britain 
are made up of simply engineers and technical personnel. Conse- 
quently the two associations are quite distinct, although they have 
many members in common. 

In 1948 the two Netherlands associations founded what is called 
the Institution of The Netherlands Water Works Undertakings— 
KIWA, Ltd. The purpose of this organization is to collaborate with 


“4 
\ 
} 
3 
o 
j 
ity 


E. SHERMAN CHASE 247 


the central government and organized water-works undertakings, to 
test materials, carry on research, maintain laboratories for water 
examination, and promote any activities of interest to water-works 
people. It is incorporated, and there are something like 400 shares 
at a nominal value of $25 each. The proprietors of the water works 
own shares, from 1 to 8 shares each, and each of the two founder 
organizations has 40 shares. KIWA carries on research in connection 
with water-supply activities, tests materials, makes bacterial and 
chemical examinations of water supplies, and stamps its approval on 
materials which have been tested and found satisfactory. That KIWA 
approval is something like the Good Housekeeping approval on house- 
hold utensils and materials. At the Congress KIWA had an extremely 
interesting bulletin for distribution, which described in considerable 
detail just what it does. 

Some of the general impressions I brought back with me may be 
of interest. The first is that most of the water works in Europe, and 
certainly in England, are municipally owned. Relatively few water 
supplies are privately owned. Apparently the political philosophy is 
rather against private ownership of water works. Another thing which 
is quite different from over here is that when water is diverted 
from a watershed and storage reservoirs are built to impound the 
water, the diverters are required, particularly in England, to provide 
compensation water to the lower riparian owners. In the case of 
Sheffield at least 43% of the yield of the watershed has to be let 
down to the lower riparian owners. Over here, as you know, we 
usually have diversion suits and the matter is settled by the payment 
of monetary damages. 

I referred to the aversion to metering in England, and we at the 
Congress had a lot of discussion of that. There was one man in favor 
of metering, for years “a voice crying in the wilderness,” who was 
very happy to get some support in the Congress, because many of the 
European water engineers also were in favor of metering. 

Another thing that you will notice over across is the almost com- 
plete absence of hydrants, that is to say, above the ground. Connec- 
tions for fire hose are underneath the pavement. Over the connec- 
tion there is a little plate which can be lifted and under which is a 
turn-on valve. How they ever find those places after dark I do not 
know. 
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Then another matter of interest is that English water mains, at 
least, are much smaller than ours. Perhaps there is less need for 
larger mains, inasmuch as the houses and buildings are of fire-resist- 
ant construction, of brick and stone. They do not have the fire prob- 
lems that we do and they do not need, apparently, large volumes of 
water for fire fighting. In the rurai districts of England, where I 
spent perhaps a week or 10 days driving around, miles and miles of 
small pipe are being laid of 5- or 6-inch diameter. They have 5-in. 
pipe, 7-in. pipe and 9-in. pipe, which sounds a little strange to us. 
But there were miles and miles of this small-diameter pipe going 
through the countryside, with the houses perhaps a half-mile apart. 
No water works over here would ordinarily attempt to extend the 
water mains into such a rural territory. I understand that the Central 
Government is subsidizing what they call the water grid to the rural 
areas. 

Another thing which they do over there more than we do, be- 
cause of the small size of the mains, is to clean and line in place. This 
is particularly true in the cities up in the Midlands; for example, 
Manchester and Sheffield, where the water supplies are very soft and 
very corrosive. 

In general, I should say that the problems which are encountered 
over there are not dissimilar from ours, with some modifications. You 
can get some idea of it by the topics which were discussed at the 
Third International Water Supply Congress. I shall just name them: 
(1) comparison of the slow sand and rapid sand filters; (2) training 
water-works operators; (3) factors of safety in supply and delivery 
systems; (4) pumping-station equipment; (5) aeration and deferri- 
zation; (6) protection of pipelines against water hammer; (7) use 
of electronic apparatus in water-works practice; (8) design and con- 
struction of service reservoirs and water towers; and (9) my own 
topic, methods of charging for water. 

All those topics were things we have discussed and worried about 
ever since the New England Water Works Association has been in 
existence. Certainly one of the earliest reports on what to charge for 
water was made by a committee of this Association about 60 years 
ago. I think it was the first one in this country. 

So, take it by and large, the headaches of water-works men are 
the same the world over. 
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INTEGRATED EQUIPMENT FOR WATER-WORKS 
OPERATION CONTROL 
BY HENRY M. MAUTNER* 


[Read Sept. 21, 1955.) 


The functional operations of a water-works system are: (1) to 
provide supply from some source (ground or surface), (2) to treat 
the water when necessary, and (3) to distribute the water to the 
users. In each of these functional operations, there is need for con- 
trol, which can be obtained by equipment integrated into the several 
individual operations that make up the overall operation of a water- 
works system. 


What Is Control? 


In discussing the importance of various controls, perhaps the 
first question to answer is, “What is control?”. In an article on 
“Instrumentation and Control” in the May, 1955, issue of Water & 
Sewage Works, Dr. George E. Symons defined the subject as follows: 


“Control is the term applied to the selection, installation, application 
and use or operation of devices which regulate the functioning of 
other devices or which regulate physical actions or conditions or 
chemical reactions.” In that article, Dr. Symons also defined the ele- 
ments of a control system and the six degrees of control obtainable. 

The elements of a control system include a sensing device, trans- 
mission system, instrument with control device, sentinel alarm, feed- 
back, and control panel. The six degrees of control possible are: 
Manual, semi-automatic (including step control), program (some- 
times termed time-cycle), proportional pacing, combinations of these, 
and fully automatic (feed-back). It is not the purpose of this present 
paper to discuss the definitions and details of these elements of a 
control system and degrees of control obtainable. Reference should 
be made to the original article mentioned for that information. This 
paper will deal with some of the equipment integrated into control 
operations. 


*District Manager, B-I-F Industries, Inc., New York, N.Y. 
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What Controls Are Important? 


The importance of individual controls or control systems depends 
on the problem in the basic operation involved. Certain fundamental 
operations in the collection or obtaining of a water supply need to be 
controlled, but that same operation may not exist or may need no 
control in the treatment or distribution phases of a water system. In 
short, each functional operation in a water-works system will general- 
ly be concerned with controls specifically related to that operation. 


COLLECTION OR SOURCE OF SUPPLY 


Water supplies may be obtained from surface sources, usually 
impounded reservoirs, or from ground-water aquifers. In either case 
two things may be important to the operator: level of, and flow rate 
from, the supply source. 


Level 


In impounded reservoirs, it may not be control of the level that 
is possible—nature may do that—but it may be the record of the 
status of the level that is desired and important to the operator. In 
a well field, it may be the draw-down level or the static level that is 
controlled or sought. 

In either case the element which actually senses the existing con- 
dition may be a float, pressure bellows or Bourdon tube, bulb dia- 
phragm, or bubble pipe. 


Flow 


Regardless of the source of supply (surface or ground), one thing 
the operator wants to know (and in many cases to control) is the 
rate of flow. 

The most common devices used to sense or determine rate of 
flow are differential head producers and velocity-type or propellor 
meters, although pitot tubes are used in some instances and head-area 
measuring devices are sometimes used on flumes or open conduits. 
Among the differential head producers are the Venturi tube (long and 
short form), the nozzle, the Dall flow tube, and the orifice. Head- 
area devices include weirs and the Parshall flume. The Gentile flow 
tube is, in effect, a multiple pitot-tube arrangement with the ports at 
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the surface of the tube, rather than at the center of the tube as in 
the regular pitot-tube arrangement. 


Transmission 


Quite generally, the source of supply is located at some distance 
from the treatment works or distribution system. Under such cir- 
cumstances, it is necessary to transmit the information over appre- 
ciable distances. If the distance is only a relatively few feet, the: in- 
formation may be transmitted from the sensing element to the instru- 
ment or control unit by direct connection, such as a cable, or static 
pressure connections (Fig. 1). 


REAR VIEW) 


Float 


VENTUR TUBE 


Fig. 1. Direct transmission of flow measurement. 
(Left: Pressure) (Right: Float & Cable) 


If the distance from sensing device to control station is under 
1,500 ft, transmission may be by air pressure. This pneumatic sys- 
tem utilizes an output air pressure which varies between 3 and 15 psi, 
with the lower pressure representing zero and the higher pressure 
100% of the variable being sought (Fig. 2). Pneumatic systems have 
the advantage of immediate response, incremental variation, and sin- 
gle connection, free from outside influences. 

Where the distance from sensing device to control station is more 
than 1,500 ft and up to 100 miles or more, transmission of the infor- 
mation sought is by electrical current (Fig. 3). This system is gen- 
erally known as telemetering. Telemetering is used particularly for 
simple transmission of information on level, flow, pressure, tempera- 
ture, etc. Builders Chronoflo Telemeter system has also been used 
for control, as will be described later. 
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The Chronoflo Telemeter consists of two parts, a transmitter and 
a receiver, connected by a simple two-wire circuit (Fig. 4). The basic 
elements of this telemetering system are a magnetically-operated 
mercury switch in the transmitter, a relay, and a set of up-and-down 


MODEL ATF TRANSMITTER 


* AIR SET 


FLOAT PIPE 


_* FLOAT 


*INCLUDED WITH EQUIPMENT 
BY INC. 


Fig. 3, Electric Telemeter transmission of liquid level. 


clutch coils in the receiver. Rates of flow, liquid level, positions, pres- 
sures or temperatures are translated into cyclic time impulses, the 
duration of which has a definite relation to the quantity being meas- 
ured. These cyclic time impulses are transmitted to the receiver and 
translated into indicated, recorded or totalized information. 
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Supervisory Control 


Another form of remote control is termed “Supervisory Control”, 
one commercial type of which is known as Synchro-Scan. By utiliz- 
ing this system, a single pair of signal wires with the Synchro-Scan 
components can accomplish two-way transmission of multiple tele- 
metering and advisory functions (Fig. 5). 


This supervisory control system usually consists of a central dis- 
patching panel and associated terminal receiving equipment at the 
remote, unattended stations (Fig. 6). In this panel are the dispatch- 


Fig. 4. Chronoflo Telemeter transmitter and receiver arrangement. 


ing scanning-switch assembly, control units with indicating lamps and 
switches, and the metering instruments. The terminal receiving equip- 
ment consists of the receiving scanning-switch assembly and control 
relays, linking the Synchro-Scan impulses with the controlled devices 
or instruments. 


As many as 29 control, advisory or telemetering functions can be 
handled over a single pair of wires. Additional functions can be 
accommodated by superimposing audio-tone channels on the basic sys- 
tem. “Plug-in” components are used throughout the equipment, each 
control device being connected to an individual plug-in chassis 
(Fig. 7). These plug-in scanning switches are self-synchronizing and, 
with accompanying relay and rectifier equipment, energize or de- 
energize the relays associated with the control or advisory equipment. 
Time-impulse telemetering can be incorporated into the system. 


q 
| 


254 INTEGRATED EQUIPMENT FOR OPERATION CONTROL 


Controls Effected 


In most instances, levels in reservoirs are not controlled directly, 
except by control of the discharge. Rate of flow by gravity from a 


APPLICATIONS POR SYNCHRO-SCAN SUPERVISORY CONTROL 
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Typicat SyncHRo-ScAN SUPERVISORY SYSTEM 


reservoir can be controlled by positioning a gate or butterfly valve in 
the outlet or in the transmission line. Positioning of valves is accom- 
plished by the remote control system described. 

Where reservors are below the treatment works and the water 
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must be pumped, control of the pumps is accomplished by a super- 
visory control system in accord with the desires of the operator. 
Levels in wells are controlled only through control of the oper- 


Fig. 6. Synchro-Scan interchangeable ‘‘plug-in’’ assembly, 


ation of pumps which draw from underground sources. This too can 

be accomplished by use of a remote control system. 
As indicated, rate of flow or discharge, either by gravity or by ' 

pumps, is the most common control effected on the source of supply. 

It is possible to control flow rates at predetermined values, on a time- 
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cycle basis (both on-off and rate variation) or in accord with the 
needs of the system. 


Fig. 7. Close-up of interchangeable “plug-in”? assembly. 


> 


TREATMENT-PLANT OPERATIONS 


In the treatment phase of a water-works system, there are three 
general processes that require control to some degree. These are: 
chemical treatment (coagulation, softening, pH adjustment, stabili- 
zation, taste and odor control); filtration, and disinfection (chlori- 
nation )}—( Fig. 8). 
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Chemical Treatment 


Chemical treatment of a water supply involves the addition of 
some chemical to alter the chemical or physical (turbidity, color) 
constituents of the water. Coagulation to aid in removing turbidity, 
color, and bacteria and to improve filterability of the water usually 
utilizes aluminum sulfate (sometimes with lime or soda ash), ferric 
sulfate or, in some instances, ferrous sulfate and lime. 

Softening requires lime and sometimes soda ash if non-carbon- 
ate hardness is to be removed. (Softening by ion-exchange utilizes 
salt for ion-exchange regeneration, but no chemical for the soften- 
ing action.) Lime may be used for pH correction. The fluoridation 
process may use one of four fluoride-containing compounds. Acti- 
vated carbon for taste and odor removal (and color reduction) is 
added like a chemical, although its reactive powers are adsorptive 
rather than chemical. Other chemicals used for taste and odor con- 
trol include chlorine and chlorine dioxide. 

In every case where a chemical is added, whatever its purpose, 
there must be some control of the amount of chemical with respect 
to the volume of water treated and the reaction involved. Amounts 
of chemicals added, when expressed in terms of concentration pro- 
duced in the water, are called dosage rates and are usually expressed 
in ppm or lb per mil gal. Amounts of chemicals added, when expressed 
in terms of time, are termed chemical feed rates. 

Devices which control chemical feed rates are termed chemical 
feeders and, depending on their design, will accurately add dry chemi- 
cals, liquors, solutions, or gases to water in amounts desired by 
the operator. The actuating or governing device for these chemical 
feeders may be (1) a manual rate setter, (2) a semi-automatic sys- 
tem, which assures action of the chemical feeder in response to the 
action of some primary device, such as a pump, (3) a pacing system, 
whereby chemical-feeder operation is in direct and proportional rela- 
tion to flow, or (4) a programmed system, whereby feeder operation 
at pre-set rates is in accord with some predetermined time-cycle pro- 
gram. Fully automatic control, operated by a feed-back system, has 
not yet come into use in water works, although control from effluent 
turbidity has been used, and feed-back has had some application in 
certain industrial waste-treatment processes. 
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Chemical feeders which are used and can be controlled as out- 
lined above include all types: volumetric and gravimetric (belt and 
loss-in-weight) solution feeders, proportioning pumps and gas feeders. 

Whatever the chemical used, whatever the chemical feeder, or 
whatever the control system used, transmission of the control impulse 
from one location to another can be by pneumatic signal for distances 
up to 1,500 ft, or by telemetering or remote supervisory control re- 
gardless of distance, as described under the section on supply above. 


Filtration 


In the operation of filters, sometimes termed the purification 
process, there are certain factors and operations that require control. 
These operations and their control are probably better known to 
water-works men than any other. Filter rate control, by a device that 
maintains a constant rate of flow through the filter regardless of 
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Fig. 9. Typical installation of filter rate controller. 


head loss, is a standard operation in filter plants (Fig. 9). Control 
of wash-water rates likewise is a standard operation, well known to 
water-works engineers and operators. Indication and recording of 
loss of head, flow rates, summation of flows, etc., are part of this 
control and utilize direct connections, pneumatic or electrical trans- 
mission. 

Automatic central control of filter operation is a recent innova- 
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tion in filter control. In this system, electric-pneumatic transmission 
is used from a central control panel to the individual filters (Fig. 10). 

This automatic control system works in this manner: When the 
loss of head on a filter reaches a predetermined level, a sentinel 


alarm light, buzzer or bell advises the operator of the condition of 
the filter. The operator pushes a button and the back-wash cycle is 
instituted. A back-wash timer provides two or more back-wash rates: 
an initial low rate, to break the sand surface, expel air and provide 
maximum scrubbing action between sand grains; a high rate follows, 


‘ 
{ 
4 
a 
REE, 


HENRY M. MAUTNER 261 


fully expanding the bed to flush out the dirt; a low rate then follows, 
to allow the sand to classify as it settles out. 

Back-wash rates may be varied, as to intensity and duration, 
from the central control panel, and the system can be adapted to sur- 
face-wash arrangements. Also manual variation is possible for the 
rate of operation of individual filters. 

This system can be easily adapted to fully automatic control, if 
the operator desires. Control of the backwashing cycle can be in- 
itiated directly from the loss-of-head sensing element, by simply by- 
passing the manual starting button. This has been done at several 
installations, notably in Mexico, in Ardmore, Okla., and at the Gulf 
Oil plant in Port Arthur, Tex. 

With the development of automatic turbidity-determining and 
recording apparatus, there is no reason why fully automatic filter- 
plant operation cannot be performed on the feed-back (automation) 
principle from turbidity in the effluent and loss of head in the filter. 
Such an installation has been in operation in Vallejo, Cal. In this 
country at present there seems to be a hesitancy on the part of engi- 
neers to adopt automatic operation. There still exists a belief that 
an operator should observe the backwashing operation; hence the use 
of the sentinel alarm and manual starting button. 


Disinfection 


Out of some 17,000-plus water supplies in the United States, 
6,137 use disinfection. Practically all of the plants use either chlorine 
or hypochlorite, with a majority using chlorine. 

No matter what chemical is used, actual addition of the chemi- 
cal is by a chemical feeder (gas feeder for chlorine, proportioning 
pump for hypochlorite), and these chemical feeders which control the 
rate of addition may be controlled as described before—i.e., manually, 
semi-automatically or step-wise, paced by flow or programmed (Fig. 
11). Ultimate control in operation is according to the residual chlo- 
rine content produced, and this involves rate setting by the operator. 
Fully automatic control, using feed-back from the residual chlorine 
content, has not yet been perfected, although experimental studies 
now under way indicate its possible future adoption. 
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DISTRIBUTION 


In the distribution system two things must be provided: (1) pres- 
sure and (2) quantity or flow. The former involves pumps and pump- 
ing or gravity, and the latter involves capacity of pumps and lines, 
and head. Obviously the factors to be controlled are pressure and 
quantity. When pressure is created by gravity from a distributing 
reservoir, it is the level in the reservoir which is controlled. This con- 
trol involves a sensing element (float, diaphragm, bubble pipe, etc.), 
transmission to the controlling device, and the control device itself, 
which may be a valve or pump. Pressure created by pumps is con- 
trolled by pressure-sensing devices (Bourdon tube, for example), 
from which is transmitted a signal to an instrument and control panel. 
From this control panel, in turn, goes a signal to the control device, 
usually a pump. 

Pump controls, therefore, are the principal control systems used 
in a distribution system. So-called “automatic” pump control falls 
into five categories: time-cycle, pressure, level, pressure-flow, and 
remote supervision. The first-named of these is programmed control; 
the second, third and fourth are true automatic (feed-back) control, 
in that the result of the operation actually controls the operation; 
the last-named, remote supervision (or supervisory control), can in- 
volve any degree of control (i.e., manual, semi-automatic, step, pro- 
grammed or automatic). 


Time Cycle 


Time-cycle control (programmed) involves starting and stopping 
of pumps on some predetermined time relationship. Adjustments may 
be provided, to change the cycle for seasonal or weekly variations. 
Sometimes simple pressure control is used with time-cycle control to 
provide for unusual conditions, such as low suction head or fire flows. 


Pressure 


The simplest pressure control is a pressure switch on the pump 
discharge line, this switch being adjusted to close the pump circuit 
when the pressure falls below a selected minimum value. If the 
switch is equipped with a differential sensing device, the contact can 
be made to open when the pressure reaches a selected maximum 
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value. This is simple on-off control—not too accurate, since pressure 
drop in lines and fittings influence the sensing element. 


Level 


Where suction is taken from a ground-level reservoir and the 
pumps discharge into an elevated storage tank or closed section of 
the distribution system, more responsive control can be had by using 
the level of the water in the tank, instead of pressure. This method 
may be applied to any number of pumping units, provision being 
made to start each pump at some predetermined minimum level and to 
stop them either successively or all at once at some predetermined 
high level. 

Level controls may be of two forms, depending on the distance 
from tank to the pump station. If the distance is short, any type of 
level-sensing unit may be used (float switch, air bubbler, electronic 
or resistance probes, diaphragm bell-operated indicator and/or re- 
corders equipped with adjustable contacts). 

When the tank and pumps are some distance apart, a pressure 
gauge (graduated in feet) or altitude gauge may be connected to the 
standpipe to indicate tank levels, and this gauge may be equipped 
with electric contacts to start and stop the pump at predetermined 
levels. If appreciable distances between tank and pumping station are 
to be overcome and if more precise control is required, a Chronoflo 
telemetering system is recommended. 


Pressure-Flow 


One system of pump control combines both pressure and flow 
information. Developed and patented by Marsden C. Smith, it is 
marketed under the name “Pressureflo” (Fig. 12). It has the widest 
range of usefulness of any of the pump-control systems. 

Provision is made for metering the flow and for sensing the 
pressure in the system. Usually some form of initiating control is 
employed—e.g., low-pressure switch on the pump discharge line or a 
minimum level contact in the elevated tank. Once the pump is started, 
it will continue to run as long as the flow remains above some pre- 
determined minimum and/or the pressure remains below some pre-set 
maximum value. This system can function equally well with ground- 
level storage or elevated tanks. 
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Remote Supervisory Control 


In many instances it is desirable to control the operation of 
pumping equipment at a remote location from a central station. Such 
a system is termed “Supervisory Control”. For this purpose either 
telemetering or Synchro-Scan can be used. The latter is much more 
versatile than the former. Controls which can be effected include 
Pump 
Discharge pressure gauge 


PRESSURE 


FLOW 


Fig. 12. Pressureflo control system diagram. 


selection of pump unit, start-stop of pump, report back of condition, 

reset equipment for next operation, vary pumping rates, indicate 

valve positions, “jog” valves open or shut, etc. With the Synchro- 
: Scan system it is possible to obtain any degree of control for pumps 
or other equipment. 


SUMMARY 
, In the operation of water-works systems there are many indi- 
r vidual functions and actions that require control. There is no one 
single “package” which can be utilized for every type of control 
problem. From the discussion in this paper it is obvious, however, 
that there are several standard control systems and equipment which 
can be integrated into a water-supply system, to obtain the control 
desired for any particular operating function. 
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SLOW SAND-FILTER OPERATION IN 1955 FLOODS 


THE OPERATION OF SLOW SAND FILTERS DURING THE 
1955 FLOODS 


BY JOHN P. LYNCH* 


[Read at Chemists’ Round Table, Nov. 17, 1955.) 


As a result of the excessively heavy rainfalls of last August and 
October, the Springfield Water Department encountered many prob- 
lems which it had never faced before. To solve these problems, many 
methods were tried; some did not work at all, some were partially 
successful, but not one worked to our complete satisfaction. 

In August, from the 11th to the 14th, Hurricane Connie dumped 
9.43 in. of rain on our watershed. This rain did not do any physical 
damage to the catchment area, but it did saturate the ground, so 
that when Hurricane Diane caused a precipitation of 17.36 in. from 
August 17th to August 19th, practically all of it ran off the watershed. 
Of this 17.36-inch rainfall, 14.50 in. fell on August 18th. This storm 
caused an estimated damage of over one million dollars to the filtra- 
tion plant, reservoirs, and watershed area. In the four-day period 
from October 14th to 17th, the rainfall was measured at 15.47 in. 

To give an idea of how these storms would compare with another 
great storm, let us consider the famous Johnstown, Pa., flood. On 
May 30th and 3lst, 1889, there occurred a great storm over a large 
part of Pennsylvania and New York, which caused very high floods 
in many streams. The disaster at Johnstown resulted from this storm. 
It was caused by floods in the South Fork of the Conemaugh River, 
a stream with a drainage area of 48.6 sq mi. An estimate, made by 
an investigating committee of the American Society of Civil Engineers, 
placed the maximum rate of flow at about 155 mgd per sq mi. The 
rainfall amounted to 6 to 8 in. on May 30th and 31st, the estimate 
being that for several hours rain fell at the rate of two-thirds of an 
inch per hour. The estimated rate of flow would be equal to one-half 
of this. To compare this to the floods which occurred on our water- 
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shed, our drainage area is approximately 45.8 sq mi, as compared to 
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Johnstown’s 48.6 sq mi. The maximum rate of flow on our water- 
shed was computed to be 262 mgd per sq mi of watershed during the 
August storm, and 227 mgd per sq mi of watershed area during the 
October flood. I realize that a comparison of these two floods is not 
valid, because the death and destruction caused by the Johnstown 
flood were due to the collapse of a dam. However, the Johnstown 
flood is best known, and it will give you an idea of what can happen 
with a rainfall which was much less than that which fell during each 
of the three storms of this year. 

For those who are not familiar with the Springfield system, let 
me briefly summarize its main features (see Fig. 1). We have two 
reservoirs, one at Borden Brook which impounds 2.5 billion gallons 
of water. This reservoir empties into Cobble Mountain Reservoir 
which impounds 22.5 billion gallons. These reservoirs are located in 
sparsely settled watershed areas, and the water which is impounded is 
of a very high quality, both chemically and bacteriologically, under 
ordinary conditions. These reservoirs hold enough water for the needs 
of Springfield for 750 days. However, since the operation of the 
powerhouse uses large quantities of water, the average retention 
period, during which natural purification may take place, is roughly 
one year. This long retention period is “hurting” us now, because 
we have a year’s supply of mud in these reservoirs. 

From Cobble Mountain Reservoir the water normally is taken 
from an outlet 120 ft below the surface, through a tunnel to the 
powerhouse. After passing through the turbines, it empties into an 
intake reservoir. There is a second outlet, located about one mile 
to the north, which is 220 ft below the surface of Cobble Mountain 
Reservoir. The water flowing from this outlet goes through a gorge 
and into the intake reservoir, without passing through the power- 
house. At the lower end of the intake reservoir, the tunnel to filtra- 
tion plant is located, and through this flows the water needed to sat- 
isfy the city’s demand. The excess flow from the powerhouse goes 
over the dam and down the river. From this inlet, the water going 
to the filtration plant passes through a tunnel to the settling basin, 
which holds 45 mil gal. From here, the water is piped to 14 slow 
sand filters, which have eight acres of filtering surface. After filtra- 
tion, water goes to a storage basin at Provin Mountain, which holds 
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29 mil gal of water. There it is held until needed for consumption. 

On the afternoon of August 18th, a small brook which flows 
through the filtration plant broke loose from its channel, and on 
three occasions during the next 18 hours, a foot of water flooded the 
filters. Some of this water went through the manholes on the tops of 
the filters, making it necessary to shut down four filters because of 
the large amount of clay that was washed into them. The water 
entering the plant was of such poor quality that the inlet from the 
intake reservoir was closed and the water in the settling basin was 
used. During the night of the 18th, the telephone service was dis- 
rupted, the roads were washed out and we were isolated. We had 
no knowledge of what was happening elsewhere in the system. 

On Saturday morning, August 20th, a helicopter was sent in to 
find out if the filters were still in operating condition. We were in- 
formed that the surface supply of the town of West Springfield was 
completely washed out and that their well system was inoperative, 
due to inundation of the pumps. We were told also that the connec- 
tion to our system had been opened and that they were drawing 
3 mgd from the Springfield system. Because of this and because there 
had been several breaks in the Springfield distribution system, the 
consumption of water was greater than usual. This increased con- 
sumption caused the amount of water in storage at the Provin Moun- 
tain Reservoir to fall to a dangerous level. Consequently, it was 
necessary to open the inlet to the settling basin and allow the water 
from the intake reservoir to pass through to the filters. This water 
had a turbidity of 100 ppm and a true color of 35 ppm. Since the 
settling basin held only 25% of its capacity, the use of coagulant 
was deemed unwise. It was felt that the retention period was not 
sufficiently long to give adequate flocculation and settling and, there- 
fore, the floc would be carried over into the filters and would clog 
them more than the turbidity-causing matter in the water. 

The effluent waters were checked every four hours for turbidity. 
The effluents of the filters had a color of 13 ppm and a turbidity of 
zero. The rate of filtration was approximately 6.5 mgd per acre of 
filtering surface from the nine filters that were operating. This is 
higher than the recommended maximum, but since there was no choice 
it had to be done. 
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The diversion gates of Cobble Mountain Reservoir were opened, 
because the powerhouse was inoperative, due to landslides and flood- 
ing. The water taken through these gates was drawn from 220 ft 
below the surface of the reservoir and was not affected appreciably 
by the heavy rainfall. The true color of this water was 17 ppm and 
the turbidity was 3 ppm. However, since Cobble Mountain Reservoir 
was spilling, the turbid surface water mixed with the clear water 
from the bottom of the reservoir, and the water that was available for 
filtration was of poor quality. After four days, the reservoir stopped 
spilling and the clear water started reaching the filters. This water 
had a turbidity of 5 or 6 ppm and a true color of 17 to 20 ppm. 

The bacteriological samples which were collected during the 
period immediately following the flood were positive for coliform or- 
ganisms in a larger percentage than is normal. However, the results 
obtained were not typical for E. coli. The organisms causing the gas 
were very slow in fermenting the lactose broth. Many of the tubes 
which were positive at the end of the 48-hour incubation were nega- 
tive four hours earlier. The 37° C. and the 20° C. standard plate 
counts were not affected by the floods. Since the Springfield Water 
Department under ordinary conditions does not chlorinate, these posi- 
tive results caused concern. Samples were checked for coliform con- 
tent every eight hours. While the percentage of positive confirmed 
samples was many times higher than usual, it did not exceed the 
standards as set by the U. S. Public Health Service. 

On August 24th, deep samples were collected from Cobble Moun- 
tain Reservoir, and it was found that the turbidities increased from 
50 ppm at the surface to 120 ppm at 48 ft and decreased to 100 ppm 
at 96 ft and to 6 ppm at 106 ft. Sampling done weekly thereafter 
showed that samples collected at the surface were approximately 
the same until the second flood on October 15th. The turbidities at 
depths of 50 and 70 ft ranged from 120 to 100 ppm until September 
17th. During the period from September 17th to October 3rd, this 
turbid layer from 50 to 70 ft showed a considerable reduction in the 
turbidity. On October 3rd, these turbidities were read as 50 ppm. 

This turbidity was caused by a large landslide which came from 
the spillway of Borden Brook Reservoir. It is estimated that 80,000 
cu yd of material were washed into Cobble Mountain Reservoir. It 


; 


JOHN P. LYNCH 271 


was clay-like in composition and was either colloidal or extremely 
close to a colloid in size. 

On September 7th, the powerhouse was returned to operation 
and the outlet from Cobble Mountain Reservoir at the 120-foot level 
was used. Due to the construction of this outlet, much of the water 
drawn at this level was pulled down from the stratum where the tur- 
bidity was greatest. This water mixed with approximately 40 mgd 
of clear bottom water from the diversion gates. Since the quality of 
the mixed water was still poor, the intake gates to the plant would be 
closed while the powerhouse ran during the day, and at night, when 
the powerhouse was not in operation and we were able to get the 
largest percentage of the clear bottom water, the gates to the plant 
were opened and the settling basin was filled for the next day’s run. 
In this way, we were able to get water for filtration which had a 
turbidity of 15 to 20 ppm and a true color of 25 to 30 ppm. The 
filters were able to handle water of this quality adequately. The 
effluent water had a color of 11 or 12 ppm and a turbidity of zero. 

Those filters which were most heavily flooded when the brook 
through the plant broke loose were cleaned by lowering the water 
level in the filter until about 6 in. of water remained over the sand, 
then reversing the flow, and having a crew of men break up the clay 
seal on the surface of the sand with stiff highway brushes. The clay 
was re-suspended and floated out the waste water drain. This method 
of cleaning a filter worked surprisingly well, as most of the material 
which washed in was caught on the surface of the filter. Fortunately, 
most of the filters had been in operation long enough before the flood, 
so that a good Schmutzdecke had formed, and this was able to pre- 
vent any great degree of penetration of the clay. 

During this period, the use of coagulants was considered, but 
since the filters were removing the clay without any apparent clog- 
ging, it was decided to allow them to handle the turbidity as long as 
they would continue to do so. 

Because it was believed that dilution would reduce the turbidity 
in the reservoir, before sedimentation would eliminate it, a close watch 
was kept on all the influent streams. Good clear water flowed in all 
of them, and when it entered the reservoirs, it would drop down below 


| 
7 


272 SLOW SAND-FILTER OPERATION IN 1955 FLOODS 


the surface, leaving a definite line of demarcation between the turbid 
surface water and the clean influent water. 

The real “backbreaker” came when the October rains arrived. 
This rainfall of 15.47 in. did not do any physical damage to the plant 
or watershed. However, it did create many new problems in connec- 
tion with the quality of the water. The color of the water reaching 
the filters increased by 10 ppm per day, until a maximum of 50 ppm 
was reached. After six days, the color dropped to 46 ppm and has 
held at this figure since that time. The turbidity increased to 22 ppm 
and, after five days of this, it decreased for five days until it had 
dropped to 10 to 12 ppm, and it has held at this figure ever since. 
The color of the filtered water increased from 11 ppm to a maximum 
of 23 ppm. The turbidity of this water was one part per million. 
This filtered water continues to show the same turbidity. 

Probably one reason why some of the turbidity was able to pene- 
trate the filters was that all were cleaned during a short period of 
time. The loss of head on the filters was increasing at the rate of 
approximately 0.5 ft per 24 hours. The labor situation was quite 
acute at this time, since it is difficult to get men to travel to the filter 
plant, due to its isolated location. At that time, several men who 
ordinarily work at a local factory, which was temporarily shut down, 
were hired, and they did an excellent job of cleaning the filters. Dur- 
ing the period from Oct. 20 to Oct. 30, twelve filters were out of 
operation at one time or another for cleaning. Of the other two, one 
was down at the time of the flood for cleaning and the other was 
running to the drain after being resanded. During the greater part of 
this period the plant was running with 9 to 12 filters in operation. 
Due to the fact that all had been cleaned during such a short period, 
a good Schmutzdecke had not had time to form on these filters before 
they were placed back in operation under an overload. An attempt 
was made to form an artificial Schmutzdecke by adding a floc directly 
to two of the filters. The effect of this floc was only temporary. As 
soon as these beds are out of service, a careful inspection will be 
made to determine if the floc became saturated with color- and tur- 
bidity-causing material, or if it broke down, went back into solution 
and passed through the filters. 

On October 15th, the powerhouse started operating 24 hours per 


| 


JOHN P. LYNCH 273 


day, in order to lower the level of the water in the reservoir, so that, in 
the event of another storm, the rainfall could be caught and held back, 
to prevent any further damage to the paper mills farther down the river. 
These mills were damaged heavily in the first flood, and the repairs 
which they had made were washed out during the second flood. Of 
course, the overflow from the reservoir was only a small part of the 
water which did the damage, but any water which could be held back 
would help them. The power company is having trouble in lowering 
the elevation, because as soon as it drops a couple of feet, another 
storm hits, and the reservoir fills up again. One such storm occurred 
on October 30th, with a rainfall of 3.58 in. 

The diversion-tunnel gates to the reservoir were closed, because 
the power company was operating 18 to 24 hours per day and the 
40 mil gal of clear bottom water was not sufficient to dilute the water 
coming through the powerhouse. Consequently, the water reaching 
the filters came mainly from the most turbid stratum of the reservoir. 

On October 18th, coagulation jar tests were run, to determine 
how effective coagulation would be. It was found that alum and lime 
would floc and settle, but only after standing for several hours. It is 
believed that the settling basin is “short-circuited’’, so that effective 
settling time is of short duration. This basin is shaped more or less 
like a four-leaf clover, with the influent water entering one of the 
upper leaves and following its edge around to the stem and out of 
the basin. 

After experimenting with various coagulants, it was found that 
activated alum and sodium aluminate produced a floc which formed 
rapidly and settled quickly. However, when these chemicals were 
applied to the basin, the reduction in turbidity and color was only 
30%, despite the formation of an excellent floc. The amounts re- 
quired were 2.5 grains per gallon of activated alum and 2 grains per 
gallon of sodium aluminate. This means that for 35 mil gal of water 
it would be necessary to add approximately 11 tons of chemicals per 
day. Since a complete treatment would be too costly, and because, if 
a good floc were formed and it settled completely, the settling basin 
would fill up with floc in short order, it was decided that spot treat- 
ments might help. Consequently, every four hours, a high dosage of 
chemicals was added to a million gallons of water. It was believed 
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that if the color and turbidity could be reduced on every fourth 
million, it would help by dilution of the other three untreated million. 
However, this was not successful or, if it was, its effect was not ap- 
parent. Also, some of the industrial plants in Springfield became 
quite alarmed at the possibility that some of the aluminum might 
stay in solution and interfere with their manufacturing processes. A 
careful check of the aluminum content of the filter effluents proved 
their fears were groundless. 

Next, it was decided to use chlorine as a bleaching agent to oxi- 
dize the dissolved organic matter. A portable trailer-chlorinator was 
obtained from the State Department of Health, and this was set up 
to treat the effluent of one set of four filters. It was impossible to set 
the chlorinator where chlorine could be added to the effluents of all 
14 filters. Under normal circumstances, Springfield is reported to be 
the only municipal surface supply which is not chlorinated; therefore, 
provisions have not been made for the addition of chlorine at any 
point in the combined effluent line. The effect upon the effluent of 
these four filters is sufficient to give a 4-ppm reduction in the com- 
bined effluent of all 14 filters. This reduction gives a filter effluent 
of 19-ppm color. 

Just to keep things from becoming monotonous, for a few days 
after the second flood, the iron content of the water in the reservoir 
was increased to 0.5 ppm. However, since the maximum reaching the 
filters did not exceed 0.3 at any time, steps to correct this condition 
were not deemed necessary. 

Also, the pH of the raw water dropped from a normal of 6.3 to 
6.1, and the effluent water dropped from a normal of 6.1 to 5.9. How- 
ever, aeration at Provin Mountain Reservoir increases the pH to 6.5. 

A survey of the streams entering Cobble Mountain Reservoir 
showed that many of the streams which rise in the swampy areas of 
the watershed have colors as high as 120 ppm. The other streams all 
have colors over 40 ppm. On the basis of this information, it appears 
that these problems are going to be with us for a long time to come. 

While the solutions which were used were not completely satis- 
factory to those of us who are concerned with the quality of the 
water, they evidently were adequate for the consumers who rely upon 
us for water, since no complaints have been received whatsoever. 


WARREN J. SCOTT 


EXPERIENCES WITH PUBLIC WATER-SUPPLY DAMAGE IN 
THE CONNECTICUT FLOOD DISASTER OF 1955 


BY WARREN J. SCOTT* 
[Read Nov. 17, 1955.) 


There are outlined in this discussion some of the experiences of 
the sanitary engineering staff of the Connecticut State Department of 
Health in connection with the flood disasters in the state in 1955. All 
of the experiences are with regard to the August flood, but reference 
is made to the use of standby power during the October flood. By 
and large, damage to Connecticut water supplies in the October flood 
was negligible as compared to the August flood. The staffs of the 
Connecticut water utilities, publicly and privately owned, were in the 
thick of the disaster and the officials in charge of the systems in the 
worst affected areas have kindly summarized for the writer the major 
damage to their respective systems. They themselves could undoubt- 


edly contribute greatly to the general pattern of handling water-supply 
emergencies through their own extensive experiences during the recent 
disaster. 


GENERAL 

At 5:40 A.M. on August 19, the writer received a telephone 
message from Dr. Harold S. Barrett, deputy commissioner of health, 
to the effect that Civil Defense authorities were being called on the 
alert, because of the impending disastrous effects of the flood waters 
following the heavy rainfall. All of the available sanitary engineers 
were called by telephone and reported in to the office at 8:00 A.M. 
Two of the sanitary engineers were unable to get out of their homes 
because of the flood conditions around their homes, but they were 
able to be on hand the following morning. 

Plans were laid out for field assignments in the flood areas as 
rapidly as plans could be developed as to where to go and how to 
get there. Many roads were impassable because of flood conditions 
or demolished bridges. From then on, the field activities of the sani- 
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tary engineers in the department, insofar as public water supplies 
were concerned, were handled by the sanitary engineering bureau as 
follows: 

Frederick O. A. Almquist, principal sanitary engineer, was assigned 
to Putnam; LeRoy W. Van Kleeck, principal sanitary engineer, and 
Charles A. Jaworski, senior sanitary engineer, were assigned to Tor- 
rington; Leslie K. Sherman, principal sanitary engineer, was assigned 
first to the Naugatuck Valley area and was active principally in Nau- 
gatuck, Seymour and Ansonia. Mr. Sherman also worked to some 
extent in Winsted and in Waterbury. David C. Wiggin, principal 
sanitary engineer, was assigned to Waterbury. Richard S. Woodhull, 
senior sanitary engineer, was assigned to Winsted and New Hartford; 
he had some assistance from Mr. Sherman and also in the first part 
of the disaster period from Richard S. Green, senior sanitary engi- 
neer of the United States Public Health Service, who was assigned to 
Connecticut at our request. Mr. Green later worked with the United 
States Army Engineers in connection with appraisal of flood damage. 

On August 19, the writer made a radio broadcast, advising officials 
in charge of public water supplies that, as a precautionary measure, 
they should increase chlorine residuals on their water-supply systems 
so as to offset the effects of the heavy runoff that had occurred. This 
was done during the period when increasing damage was being regis- 
tered on many water-supply systems. Also, it should be understood 
that the main damage to public water-supply systems in the August 
floods was in the valleys of the Quinebaug River in northeastern 
Connecticut, the Farmington River in northwestern Connecticut, and 
the Naugatuck River in central Connecticut; water supplies in other 
areas of the state were not hard hit. 

The October flood was principally felt in the southwestern corner 
of Connecticut. Fortunately, there was little damage to public water- 
supply systems in the October flood, except for a few water-main 
breaks, but the tremendous amount of rainfall in the October flood in 
this particular area of the state did pose a serious threat to some 
water-supply dams. 

RAINFALL 


Table 1 is included to summarize some of the record rainfall 
during the August and October floods. It is of interest that in many 
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affected areas of the state in August, there was a two-day rainfall of 
approximately 14 inches or higher. The distribution of the rainfall 
over the state was very variable during the critical periods. For 
example, at Brainard Field in Hartford only 7.85 in. were recorded 
in a two-day period, whereas the official Hartford Weather Bureau 
station in Windsor Locks, about 12 miles away, recorded 13.97 in. 
on the same two days. 

It is noteworthy that the total rainfall in August for much of the 
state was about 2 the normal rainfall figure for an entire year. 

It is also of interest that in Norwalk there was a total of 13.6 in. 
of rainfall in a two-day period in October, but much more striking 
is the record of almost 11 in. of rainfall in a period of less than 
16 hours at Norwalk. During the August flood, a 24-hour rainfall of 
12.77 in. was recorded on the Hartford watershed. 

Looking back over the rainfall records in Connecticut, the writer 
has noted that at New Haven, where the records are available begin- 
ning in 1804, no monthly rainfall has ever equalled the August rain- 
fall of 1955 that occurred in many sections of the state, ranging as 
high as 27+ in. In New Haven there was an August rainfall of 
12.99 in. in 1874 and a July rainfall of 17.08 in. in 1889. In Hart- 
ford, apparently the highest record rainfall, going back to the begin- 
ning of records in 1868, was in September, 1938, when there was a 
monthly rainfall of 14.59 in. 


These figures all indicate that the rainfall of 1955 was unprece- 
dented. 


FAILURE OF PUBLIC WATER-SUPPLY SYSTEMS 


The most serious effect of the floods on public water supplies 
was the extensive number of breaks that occurred in main supply 
lines and piping throughout distribution systems. As a result of the 
havoc wrought by the flood, there was virtually 100% interruption 
in water service in the following communities: Seymour, Beacon 
Falls, Torrington, Winsted, Putnam, Avon and Collinsville, and some 
of them were without water for periods of several days to over a 
week. Supplies were greatly depleted in Waterbury, Naugatuck and 


Unionville, and some parts of these communities were without water 
for one to several days. 
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Fortunately, except for two or three flooded wells which were 
in use on public water-supply systems and some damage to small 
dams on the Torrington water supply, the sources of supply of most 
of the communities were undamaged. Except for one or two isolated 
instances of trouble with chlorination plants, the treatment facilities 
were intact. In one case, a chlorinating plant was partially washed 
out by the effect of the flood waters, and repairs had to be made. 


Loss oF POWER 

Electric service was interrupted in some communities in both 
August and October floods. Fortunately, most of our water systems 
are supplied by gravity. Also, where there are electrically operated 
pumps on chlorinating plants, there are standby hydraulically oper- 
ated pumps, to function in case of failure of electric power. It was 
found that the tremendous flow of water passing through the supply 
main due to breaks so increased the chlorine demand that the hy- 
draulically operated pumps could not keep up with the chlorine de- 
mand in two or three instances. 


SUMMARIZED DETAIL ON SUPPLIES SUBJECTED TO MAjor DAMAGE 

To get some idea of the extent of the damage, the following 
data relative to some of the worst damaged systems are summarized 
on the basis of information furnished by the utility officials. The list 
below is by no means complete and does not include several other 
badly damaged utilities, such as those in Ansonia, Derby, Collinsville, 
Unionville and others. Also, losses of hydrants, house services, meters, 
etc., are not listed. The purpose of this limited list is to give some 
idea of the character and extent of damage. 


Torrington 


(Courtesy of Marshall Lawton, President, Torrington Water 
Co.). Two small reservoir dams were washed out, but fortunately 
these were not essential. One small supply intake reservoir was filled 
with silt and must be cleaned. One chlorinator house was practically 
demolished. Both the 12-inch and the 16-inch supply lines from Reu- 
ben Hart Reservoir were carried away at the first bridge crossing. 
Further down, 10-inch and 12-inch pipe crossings were broken. Both 
20-inch and 24-inch pipes for a steel storage tank were broken. There 
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were breaks in: a 20-inch main on Main St., a 16-inch bridge-cross- 
ing line at Church St., a 12-inch line at Wolcott Ave., a 4-inch line 
at Woodbine St., an 8-inch line at Albert St., a 6-inch line at Scoville 
St., a 6-inch line at Lincoln Ave., and an 8-inch line supplying a 
woolen mill. The loss of an 8-inch pipe loop crossing at a bridge along 
East Albert St. has necessitated a temporary substitution. The chlor- 
inator building was washed away at Crystal Lake, necessitating new 
chlorinating equipment and a new venturi meter. 


Waterbury 


(Courtesy of Julius Nido, Superintendent, Waterbury Water 
Department.) The principal supply of the low-service 36-inch main 
was lost. A loss of 75 ft of 36-inch cast-iron main occurred at a bridge 
crossing below the Wigwam Reservoir. Many washouts occurred 
along this transmission main, approximately 1.5 miles in all. These 
washouts were by the Naugatuck River and one section of Water- 
ville. The main had to be jacked up and new piers had to be built 
under the main. Four bridge crossings failed, one of which was a 
24-inch cast-iron line. The Water Department office and storage yard 
were badly flooded, with office equipment, records and trucks dam- 
aged and lost. 


Naugatuck 


(Courtesy of W. N. MacKenzie, President, Naugatuck Water 
Co.). The following damage was done to the low-service system (the 
principal supply): at a river crossing 400 ft of 16-inch pipe were 
washed out; 400 ft of 10-inch pipe under the railroad were washed 
out, and an additional 200 ft are now of no value; 250 ft of 8-inch 
pipe under the river at Platts Mills were washed out; and 250 ft of 
12-inch pipe from Hotchkiss St. to the 10-inch river crossing had to 
be abandoned. In the high-service system, 300 ft of 8-inch pipe across 
the river were washed out. 


Seymour 


(Courtesy of William Ablondi, Superintendent, Seymour Water 
Co.). The following damage occurred: 200 ft of 16-inch pipe at a 
river crossing at Pines Bridge were washed out; a 6-inch and an 8-inch 
river crossing at Broad St. were broken in five places; 100 ft of 8-inch 
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pipe were washed out on Broad and West Streets; about 900 ft of 
16-inch and 12-inch pipe on Route 8 along the river were washed out, 
and connections from that main to the center of town were broken; 
about 300 ft of 6-inch and 4-inch pipe on Bank St. and Third St. 
were washed out; 50 ft of 8-inch pipe in Beacon Falls were washed 
out at the bridge approach; and numerous breaks occurred in the 
Pines Bridge area. 


Winsted 


(Courtesy of Gordon Whyte, Superintendent, and D. Beebe, 
Winsted Water Department). The following damage occurred: 90 ft 
of 6-inch pipe on Boyd St. and 600 ft of 8-inch pipe on Main St. were 
washed away; river crossings were lost, to wash out 100 ft of 12-inch 
pipe on Lake Street, 100 ft of 16-inch pipe on Meadow St., 100 ft of 
6-inch pipe on Monroe St., 100 ft of 6-inch pipe on Division St., 
and 100 ft of 8-inch pipe on Holabird Ave.; 400 ft of 12-inch pipe 
on Lake St. were undermined and dropped 4 ft; 200 ft of 8-inch pipe 
on Wallens St. were undermined and dropped 2 ft; and many gate 
valves had to be re-installed or replaced. 


Putnam 


(Courtesy of Julian Girard, Superintendent, Putnam Water De- 
partment). The following damage was reported: 275 ft of 16-inch 
pipe at Pomfret St. bridge crossing were lost; joints were out at the 
Providence St. bridge crossing; 400 ft of 6-inch pipe were lost at the 
railroad bridge crossing; 225 ft of 6-inch pipe on Canal St. and 250 ft 
of 6-inch pipe on South Meadow St. were lost; and 1,250 ft of 10-inch 
pipe, stacked on the ground on Main St. ready for laying, were washed 
away. 

Re Use or WATER 


It was necessary to issue various kinds of notifications to the 
public. These included notifications to boil water, notifications re dis- 
tribution of disinfecting tablets, notifications re points of water distri- 
bution, notifications re transporting of water, and other messages. 

The state department of health has available for emergency pur- 
poses a considerable quantity of notices ready for distribution, as 
follows: 
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WARNING 
BOIL DRINKING WATER 


Due to a temporary emergency, all consumers of water from 
the public supply are hereby notified to boil all water used for 
drinking or cooking until further notice. 


In some cities these notices were tacked up all over the com- 
munity on telephone and electric light poles and other places. The 
radio stations did yeoman service, although some were temporarily 
out because of power difficulties. Handbills were prepared and dis- 
tributed locally. Sound trucks were of help. Newspapers were, of 
course, of great assistance in keeping people informed as to progress 
and developments. 


DISTRIBUTION OF DISINFECTING TABLETS FOR WATER 
OTHERWISE UNSAFE FOR DRINKING 


Early in the disaster period the state department of health ar- 
ranged with the State Office of Civil Defense to secure large supplies 
of iodine-compound tablets for water disinfection. These were se- 
cured from the Army. The tablets came in very small bottles of 50 
each; there were 100 bottles in a small box, and there were four 
boxes, or a total of 20,000 tablets, in a small carton measuring 12 in. 
by 24 in. by 5 in. The bottle contained the following directions on 
it (presumably based on military use): 


“Directions: 


1. Add one tablet to canteen of water (1 qt.), replace canteen cap 
loosely to allow a little leakage. 

2. Wait 5 minutes. 

3. Shake thoroughly so that a little water leaks out and disin- 
fects the screw threads. Then tighten canteen cap. 

4. Wait 10 minutes before drinking, or adding beverage powders. 

If water is very cold wait 20 minutes. 

If water is dirty or discolored, use 2 tablets.” 


Because of the ease of transportation and use, millions of these 
tablets were distributed to affected cities and towns. They were made 
available at temporary stations which had been set up in schools and 
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elsewhere. These tablets were especially useful when electrical service 
was disrupted and many people were unable to heat water for boiling. 
The sanitary engineers of the state department of health assisted in 
making arrangements for distribution. 


Use or AUXILIARY SOURCES OF PUBLIC WATER SUPPLY 


This heading is listed as an important consideration in disaster- 
relief operations, but it so happened in this particular flood that no 
auxiliary sources of supply (except for limited amounts of hand- or 
truck-transported water) were placed in service. This was because the 
sources of public water supply were generally undamaged and the 
piping breaks were largely responsible for the trouble. 


APPROVAL OF TEMPORARY SOURCES OF DRINKING WATER AND PRO- 
VISION OF DISINFECTION OR OTHER TREATMENT 
FOR SUCH SOURCES 


The National Guard set up a water-purification unit in Putnam, 
and the U. S. Army Engineers set up water-purification units in Tor- 
rington and Winsted. This was done in cooperation with the Civil 
Defense authorities. Each of these units had a capacity of 75,000 
gal per 24 hours. Treatment consisted of pre-chlorination, coagula- 
tion, settling in small sedimentation tanks, and filtration through di- 
atomite filters. The military had trained personnel who were thor- 
oughly practiced in operating the units, and they were able to place 
them in operation in short order. 

Sanitary engineers from the state department of health inspected 
the surroundings of the ponds which were used as sources of raw 
water. These treatment units were of great assistance. Where chlo- 
rinated water from the public water supply is available in the upper 
part of a supply line, it is often as easy to distribute water from such 
a point as to set up a purification unit, stationed at some other source, 
even though the latter station may be somewhat nearer from the 
transportation standpoint. Such transportation and distribution from 
the upper part of the supply line was arranged in one community. 

In some places, drilled wells at schools or factories were un- 
affected by the floods and were known to be safe. They, therefore, 
served as sources of supply for filling up containers for distribution. 
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One factory well in Winsted and a school well in an outlying section 
in Torrington served as useful supplies. 


The sanitary engineers from the state department of health as- 
sisted in passing on the safety of water supplies pressed into use. 


TRANSPORTATION OF WATER AND DISTRIBUTION STATIONS 


Milk-tank trucks were loaned for service in water transportation. 
Also, large milk cans were used for trucking in water. Directions had 
been distributed locally for cleaning and disinfecting gasoline- and 
oil-tank trucks, based on procedures previously tested out by the state 
department of health during the last war. It is not believed, however, 
that this particular type of truck was used in this emergency. Ready- 
mix concrete trucks and one or two other types of tank truck were 
used for water transportation. 

Lister bags, which hold approximately 32 gal, were set up on 
tripods in some cities, and water could be drawn from them into con- 
tainers brought by individuals. These Lister bags were secured from 
the Army through the office of Civil Defense. The state department 
of health arranged for transportation of these in several instances. 

The sanitary engineers from the department tried to emphasize 
the need for using clean disinfected containers for carrying water, 
and assistance was rendered to promote this. High-test chlorine pow- 
der was used for disinfection of tanks and containers at distribution 
points. Clean metal containers of about 5-gal capacity, used ordi- 
narily for ice cream, were made available for storage of water at dis- 
tribution points in one community. 


Steps TAKEN TOWARD RESTORATION OF SUPPLY SYSTEMS 


Early in the disaster, the writer, acting as state water coordinator, 
arranged with the Hartford Metropolitan District and the Civil De- 
fense transportation officials for shipment of a 16-inch valve and four 
12-inch valves to Winsted. 

The State Office of Civil Defense had 10 miles of 8-inch, quick- 
coupling steel pipe distributed around the state, and much of this was 
put to good use. In Naugatuck, about four miles of this pipe were 
laid to replace broken pipes. Some utilities, such as those in Putnam 
and Unionville, used considerable lengths of quick-coupling, light- 
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weight aluminum pipe for temporary repairs. Much of this pipe is 
available in Connecticut, being used for irrigation purposes; some of 
this pipe was sent to Winsted. 

As usual, the officials of the utilities not affected seriously gave 
splendid cooperation in assisting the less fortunate. This assistance 
was rendered in part by loaning the services of pipe crews, and in 
part by loaning pipe and fittings. Among the utilities which furnished 
pipe crews were the Hartford Metropolitan District, the Bridgeport 
Hydraulic Co., the New Haven Water Co., the Greenwich Water Co. 
and the Birmingham Water Co. The Bridgeport Hydraulic Co. loaned 
the services of their sanitary engineer to the Torrington Water Co., 
and he greatly aided that company in connection with disinfection of 
mains. The New Haven Water Co. furnshed laboratory assistance to 
the Naugatuck Water Co., in addition to the examinations by the 
state department of health. This list of those aiding is not complete. 

The Connecticut water utilities have, in the past, established a 
central inventory of pipe and fittings. This inventory was repeated 
regularly during the war and is definitely a useful tool in times of 
disaster. The machinery for taking this inventory exists, but it has 
not been taken within the past year or so. While during periods 
of localized trouble such an inventory is very helpful, in this particu- 
lar type of disaster the readily available cooperation of all utilities 
eliminated the need for use of the central inventory. 


RESTORATION OF TREATMENT ON PUBLIC WATER SUPPLIES AND 
DISINFECTION OF WATER-DISTRIBUTION SYSTEMS 


As mentioned previously, it was fortunate that treatment facili- 
ties on our public water-supply systems were not appreciably affected, 
despite the serious effect of the disaster on distribution systems. 

At Naugatuck, due to the inability of the hydraulic pumps to 
handle the chlorinator load subsequent to loss of power for the elec- 
trically operated pump, the state department of health furnished a 
gasoline-operated hypochlorinator on the high service, and this was 
used for two days until power was restored. 

At Waterbury, it was decided to turn the abandoned East Moun- 
tain Reservoir supply into the high-service system. Arrangements 
were made on the afternoon of Sunday, August 21, for the Connecti- 
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cut representative of a chlorinator company to deliver an emergency 
chlorinator, which was set up under the supervision of the state de- 
partment of health, and a flow of about 3 mgd was turned into the 
badly depleted system Sunday night. 

As soon as the water was available under pressure in the dis- 
tribution systems, the next step was to see that the broken piping 
systems, restored to service with temporary pipe connections or new, 
permanent pipe connections, were disinfected and that water of safe 
bacteriological quality was obtained. The sanitary engineers of the 
state department of health assisted in disinfection of mains, storage 
tanks, and standpipes and in arrangements for increasing chlorine 
dosages. 

It soon developed that because of high flows, due to breaks and 
leaks not all of which had been discovered, together with impaired 
physical quality, resulting from wash of silt and sediment into streams, 
the chlorine demand could not always be met by existing chlorinator 
equipment. The assistance of chlorinator manufacturers was obtained 
and, where possible, orifices of enlarged capacity were installed, or other 
changes were made to permit adding greater quantities of chlorine. 
Supplementing the usual chlorinator operation on water-supply mains, 
high-test chlorine powder was used in large quantities. In Waterbury 
and later in other communities, large quantities of high-test chlorine 
powder were dumped into the gatehouses of the reservoirs, to supple- 
ment the chlorine being added in the regular treatment plants. 

Free chlorine residuals as high as 6 to 10 ppm were carried at 
the treatment plants below the reservoirs. In this way, free chlorine 
residuals between 1 and 2 ppm were carried throughout distribution 
systems. At Torrington, two trailer chlorinators, one loaned by the 
Bridgeport Hydraulic Co., were set up to dose large quantities of 
chlorine into the system. 

A lesson learned from the sampling of water-distribution systems, 
as discussed below, was that those systems in which chlorine was ap- 
plied in large amounts and high chlorine residuals were secured and 
maintained, were cleared up promptly, but that where chlorine residu- 
als were stepped up slowly and more cautiously, the clearing-up of 
the distribution systems took considerable time. The state depart- 
ment of health secured two new chlorine-residual testing discs, with 
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a range of 2.0 to 10.0 ppm, to use with our testing outfits, and these 
worked satisfactorily. Until they were obtained, the drop-dilution 
method was used in making tests. 


SAMPLING OF SYSTEMS AFTER RESTORATION, AND RELEASE OF 
BoILInc NOTICES 


As soon as disinfection was under way, a comprehensive sampling 
program was established on each affected public supply. Samples 
were collected for bacteriological examination from a number of taps 
around each system. There was continuous daily sampling of each 
supply, until it was released from boiling. In order to save time, 
samples were collected and delivered to the department laboratories 
in Hartford, and the laboratory examinations started on the same day, 
so as to expedite getting out laboratory reports. Samples were inocu- 
lated into lactose broth and readings made in 24 and 48 hours. If 
gas formation was encountered, transplanting was done into brilliant 
green lactose bile broth, and readings were made in 24 and 48 hours. 
Negative gas formation in either lactose or brilliant green was re- 
quired. Five 10-ml tubes were run on each sample. 

Results of analyses were tabulated, and after clear samples had 
been obtained for a period of two days, which were supported by ade- 
quate chlorine residuals observed in the field at sampling taps, re- 
lease of boiling notices was transmitted by telephone to the local di- 
rectors of health and water utilities. 

Because of breaks that occurred, boiling notices were issued in 
Waterbury, Naugatuck, Ansonia, Seymour, Beacon Falls, Winsted, 
Torrington, New Hartford, Unionville, Tariffville, New Britain, 
Rogers, Plainville, Collinsville, Putnam, Thompson, Bristol and 
Somers. 

To aid in the sampling program, which was carried on daily, in- 
cluding week-ends, for two to three weeks after the floods, two dental 
hygienists of the department were initiated in the technique of water 
sampling, and they did a good job. The laboratories and the bureau 
of sanitary engineering offices of the state department of health were 
kept open on Saturdays, Sundays and the holiday during the emer- 
gency period. 

In Waterbury, after the distribution system had been fairly well 
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cleared up, the repaired, large low-service main, carrying water from 
many miles away, was turned on, and this necessitated further sam- 
pling and analyses. Also, in Winsted the piping system was promptly 
flushed and disinfected, but two subsequent breaks in the principal 
supply line delayed the release from boiling notices. 

It is of some interest to note that there was little complaint about 
chlorine tastes and odors, despite the relatively high chlorine residu- 
als maintained. This again points to the fact that the maintenance of 
high free-chlorine residuals in distribution systems, such as between 
1.0 and 2.0 ppm, may not result in as many complaints as when so- 
called marginal residuals are maintained. 


SPILLWAY CAPACITIES WITH REFERENCE TO UNPRECEDENTED 
RAINFALL 


One result that will almost certainly take place as a result of the 
unprecedented rainfall is a re-evaluation of spillway capacities. In 
Connecticut, a special study of dams may be authorized in the pres- 
ent emergency legislative session, and this would undoubtedly include 
special consideration of water-supply dams. When rainfall as high as 
11 in. in less than 16 hours and two-day rainfalls as high as 14 in. 
must be contemplated for this section of the country, it makes us 
pause. If an ordinary pond dam goes, there is possible danger to 
life and property. If a water-supply dam fails, there is added disaster 
of a depleted public water supply, which may take a long time to re- 
plenish. This might be almost a knock-out blow for a community. 

A recent book, entitled “Floods”, by William G. Hoyt and Walter 
M. Langbein, makes some interesting references to maximum rainfall; 
presumably alli of these amounts of rainfall recorded must have been 
very local in character. A reference is made in this book to a rainfall 
of 7 in. in 30 minutes that fell in Cambridge, Ohio, on July 16, 1914. 


ADVANTAGES OF STANDBY POWER 


There were some high-service pumping stations, serving portions 
of distribution systems, that were temporarily put out of operation by 
failure of electric power. The advantages of standby power are ob- 
vious. 

In the October flood, electric service failed in the city of Nor- 
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walk and the city of Danbury. The rapid sand filtration plant of the 
First Taxing District of Norwalk and the two rapid sand filtration 
plants of the city of Danbury employ electric power for operation of 
chemical feeders, lights, etc. It was a great relief to have standby 
gasoline-operated generators in both cities, so that the supply of water 
went on uninterrupted. In neither community was it neecessary to 
issue boiling notices. 

Mention has been made of failure of hydraulic pumps for oper- 
ation of chlorinators in one or two communities. The Connecticut 
State Department of Health has not approved the installation of any 
chlorinating facilities which are wholly dependent on electric power. 
If hydraulic pumps cannot fill the bill, then gasoline-operated stand- 
by is needed, but in that case there should be battery-operated start- 
ing equipment and an automatic alarm, operated by a battery or con- 
nected to a telephone. Frequent operation of standby gasoline-oper- 
ated equipment is necessary (one or more times each week), to make 
sure it will function when needed. 


COMMUNICATIONS 


One utility has recently advised the writer that, as a result of 
the flood, his company is now equipping all their cars and trucks 
with an interconnecting radio system. Experience seems to be that 
those using such a system wonder how they ever got along without it. 

The lack of telephone service in and out of the city is a great 
handicap. Short-wave radio stations, civil defense communications 
and state-police communications all are of help and may have to be 
depended upon, even though they are a poor substitute for the regu- 
lar telephone. 

The dearth of means of communications left much to be de- 
sired in the August flood, but by getting responsible sanitary engi- 
neers promptly in the field, the state department of health operations 
went along fairly smoothly. Short-wave radio was used to some ex- 
tent. The legislature now in session is being asked for funds to set 
up adequate emergency communications for the state civil defense 
organization. 
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Lessons TO BE LEARNED 


Among the important items to be planned for in disaster are: 

1. Standby-power provisions for pumping and treatment. 

2. Provisions for transporting and distributing water— 
sources and methods. 

3. Use of auxiliary water sources if needed. 

4. Knowledge of how to get repair equipment and personnel 
—other water utilities, contractors and suppliers. 

5. Provision vf adequate chlorine capacity for high flows 
following breaks and for high chlorine demands of water 
which has been subjected to large amounts of surface 
wash. 

6. Knowledge of where to get supplies of liquid chlorine 
and of high-test chlorine powder, the latter possibly being 
needed for extra disinfection of restored supplies and of 
auxiliary water supplies used in emergency. 

7. Rapid stepping-up of chlorine residuals for disinfection 
of piping or tanks, far beyond ordinary needs. 
Consideration of emergency methods of communication. 
9. Special studies of pipe crossings on bridges and in beds 

of rivers and streams, and development of plans to coun- 
teract the effect of washouts. 
10. Consideration of types of pipe that will best stand up in 
locations where heavy washouts, such as along steep 
slopes, may take away supporting earth under pipelines. 


SUMMARY 


Despite the serious crippling of numerous public water-supply 
systems in Connecticut in the 1955 floods, it is gratifying to record 
the courageous, diligent and successful efforts of all water officials in 
charge of public water supplies and of their employees, to get the 
systems back in service in a remarkably short period of time. Sev- 
eral systems in Connecticut were completely or almost entirely out 
for periods ranging from a day or less to a week or more. 

The Federal Government through the Army and the Federal 
Civil Defense staff teamed with the State Civil Defense staff and 
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was of tremendous assistance in furnishing men and equipment to 
carry out emergency repairs of damaged systems. Our own State 
Civil Defense organization was of great aid in furnishing transporta- 
tion, assisting in various community problems, etc. The U. S. Public 
Health Service sanitary engineers and sanitarians greatly assisted 
the state department of health, although more especially working 
with local sanitarians in areas of sanitation problems other than 
water supply. 

Finally, all of us can look back with pride, as the saying goes, 
on the extensive repairs and restoration with the knowledge that no 
water-borne disease came as an aftermath of the disaster. The 
water-works officials and the state department of health worked as 
a team to make this possible, with lots of cooperation from all sides, 
including the public served. 
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POSITIVE WELL-FIELD MAINTENANCE PROGRAM 


THE CASE FOR A POSITIVE WELL-FIELD MAINTENANCE 
PROGRAM 


BY E. BOYD LIVESAY* 
[Read February 16, 1956.) 


The facts used here to present the case for a positive well-field 
maintenance program came to light with the renovation of our Jor- 
dan Avenue Well Field in 1953. Construction of this well field was 
started in 1904, immediately after the forming of the Brunswick and 
Topsham Water District by legislative charter of 1903. Installa- 
tion was completed and the first water pumped into the mains on 
January 12, 1906. The engineering work for this well field was done 
by Freeman C. Coffin, and the construction work by B. F. Smith 
and Brother, both of Boston. The original well field consisted of 
50 driven wells, connected to the pumps by suction header pipe of 
cast iron, varying in size from 16 in. to 6 in. This number was in- 
creased in 1907 to 88 and later, in 1929, three dug wells, 40 ft in 
diameter and 35 ft deep, were added. Mr. Coffin, in his report of 
April 29, 1904, estimated that this well field should produce a sup- 
ply of 1 mgd. It is further noteworthy that B. F. Smith and Brother 
in their contract for this installation guaranteed a supply of 1 mgd 
and a pumping rate of 2 mgd for a 5-hour period on a no-water, 
no-pay basis—the test to establish fulfillment of their contract to 
be a 30-day pumping test upon completion of the construction. 

The original pumping station was a steam powered-plant which 
was changed over to electric power in the period 1916 to 1918. 

In 1907 the first water analysis of this water made by the 
Department of Health and Welfare was as follows (expressed in 
parts per million): 


Turbidity 0 
Sediment 0 
Color 2.0 
Odor, hot 0 


*Superintendent, Brunswick and Topsham Water District, 9 Town Hall Place, Brunswick, Me. 
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Odor, cold 
Free ammonia 0 
Albuminoid ammonia 0.012 
Chlorine 4.7 
Nitrogen: nitrates 0.1 
nitrites 0 
Oxygen consumed 0.3 
Hardness 35.0 
Iron 0 
Lead 0 
Bacteria per cc 4 
Colon bacillus absent 


H. D. Evans, Director of the Department of Health and Welfare, in 
a report several years later had this to say about the quality of 
the water: “the analysis shows the water to be in its usual first- 
rate condition; it being entirely free from all evidence of sewage 
pollution. It is in almost exactly the same condition as when last 
examined and is very pure drinking water.” 

Since that time, however, the District has learned to its sorrow 
that the water from this well field had other qualities not so good. 
The pH of this water is definitely acid, averaging between 5.8 and 
6.3; this, combined with a high COz content, makes the water very 
corrosive. Down through the years then we have suffered many 
complaints of “red water” and the resultant iron stains. A part of 
this “red water” is unquestionably the result of corrosion of the dis- 
tribution mains, but the author believes he can show that a large 
part of it originated in the well field itself. 

The records of the chemical analyses of this supply from its 
inception to date are pretty complete. It is particularly interesting 
to follow the trend of the iron content in this water. From 1908 to 
1920 the iron content shows very little variation, ranging from 0.02 
ppm in 1908 to a high of 0.2 ppm in 1911. Through the 1920's 
we find it increasing from 0.2 ppm in 1923 to 0.3 in 1929. In 1934 
samples taken at the pumping station showed 0.5 ppm of iron. 
Through the 1940s, probably because of red-water complaints, these 
samples were taken from points in the distribution system and show 
iron contents of as high as 1.4 in 1942. In November, 1953, after 
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our renovation, the iron content at the well field had dropped to 0.23. 
Samples taken in May and October of 1955 show a “trace” and 
“negative” reports, respectively. 

Records of maintenance work on this well field are not nearly 
so complete. The few written records show that major maintenance 
work was done in 1923, when 40 of the wells were pulled and re- 
placed, and again in 1939, when all of the 2%4-in. wells were pulled 
and redriven. Also at this time the suction headers were cleaned, 
and when we removed a 14-in gate in our cleaning operation in 
1953, we found a pulling rod extending right through the gate, ap- 
parently left over from a cleaning operation. Regular maintenance 
work seems to have consisted practically entirely of regularly wash- 
ing out the sand which had accumulated inside the well points. This 
work was done in the fall of each year. Apparently no attempt was 
made to surge any of the wells, nor was use made of any of the 
several chemicals available for cleaning the well points. 

In more recent years there has been a rather sporadic attempt 
at pumping each well during these fall maintenance programs, with 
replacement scheduled for those that failed to pump. Unfortunately, 
for several years prior to 1953 this program seems to have stopped 
before any wells could be replaced, either because winter weather 
was setting in, or because of lack of time. In 1953, when we went 
through this well field and completely renovated it, we discovered 
that 25% of the 66 well points were completely clogged; 50% were 
about 75% clogged; and the rest were about 25% clogged. 

In 1952 Brunswick suffered a critical shortage of water, due 
to an extremely dry season, and also to increased demand, occasioned 
by the reactivation of the Naval Air Station in Brunswick. (The 
combined population of Brunswick and Topsham increased from 
13,600 in 1950 to 18,900 in 1953, an increase of 38.8%.) Some- 
thing evidently had to be done immediately. The decision was then 
made to try to increase the yield of the Jordan Avenue Well Field 
by adding a new well field in this area. The work of driving 76 new 
2'4-in. wells was started and completed in the fall of 1952. By 
August, 1953, the suction header joining these wells was completed, 
and the new well field was ready to be put into operation. It was 
at this point, in tying the 12-in. suction header of the new well 
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field into the old 12-in. suction header, that we discovered how very 
badly the old well field needed renovating. 

The suction mains were coated with a build-up of rust in the 
form of a soft, spongy mass, reducing the effective diameter by as 
much as from 2 to 5% in. The established operating practice in- 
volved starting and stopping the pumps at least once each day. The 
velocity changes in the header pipes dislodged this coating, with 
the result that with virtually every start-up rusty or red water was 
pumped into the mains for a period of up to half an hour. In the 
course of 25 years’ daily pumping, a lot of rust can be transferred 
from the suction headers to the distribution system. 

The entire old suction-header pipe was properly cleaned and 
cement-lined in place. This work was done by the Centriline Corp. 
of New York in September and October of 1953. In addition to this, 
all of the wells were pulled and replaced with new cement-lined, 
2'4-in. wrought-iron pipe and new Johnson Everdur well-points. The 
work of replacing these wells was done by the R. E. Chapman Co., 
who adjusted the well-points up or down to determine the best loca- 
tion for pumping, properly developed the well, and then recorded the 
amount pumped from each well. The same information was obtained 
and recorded by the D. L. Maher Co., who installed the 76 wells 
of the new well field in 1952. 

The results of this well-field renovation were readily apparent 
when we started pumping operations again in February, 1954. In 
1950, as a part of a comprehensive engineering survey of our entire 
system, pumping tests were run on all three pumps at the Jordan 
Avenue Pumping Station. These pumping tests showed all the pumps 
to be very inefficient. Number 2 electric pump, the worst, had a 
pumping capacity of 710 gpm with a discharge pressure of 102 psi 
and a vacuum lift of 25.3 in., as against a rated discharge of 
1,050 gpm. The pump efficiency was calculated to be 47%. 

In June of 1953 we were able to pump only 620 gpm from the 
old well field with this old equipment, the vacuum being 20.3 and 
the discharge pressure 100 psi. However, in February, 1954, after 
the old well-field renovation had been completed, we were able to 
pump 970 gpm, using precisely the same pumping equipment. The 
vacuum reading was 17.3 and the discharge pressure about 102 psi. 
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Table 1 contains Pumping Statistics which indicate the trend 
where well-field efficiency and power consumption are concerned. 
These data were compiled by computing average daily rates from 
the monthly totals. While there may be some question as to the 
validity of individual items shown here, due to variations in opera- 


TaBLe 1—PuUMPING STATISTICS FOR JORDAN AVENUE WELL FIELD 


2 3 4 5 7 
Total 
Average average - Monthly 
daily hours daily Pumping Average powercon- Power used 
pumped pumpage rate vacuum sumption per 1,000 gal 


Inches of kwh 
Hours Gallons mercury kwh per 1,000 gal 


Dec., 1940 11.15 653,000 22.5 38,200 1.88 
Dec., 1941 11.9 560,000 22.5 33,400 1.93 
Dec., 1942 10.85 609,000 23.0 37,700 2.00 
Apr., 1943 12.8 700,000 24.0 41,200 1.90 
1944 
Jan., 1945 19.6 950,000 25.5 65,600 2.23 
Jan., 1946 23.6 1,070,000 23.5 70,600 2.12 
Dec., 1947 19.0 795,000 26.0 55,100 2.24 
Aug., 1948 23.3 798,000 26.5 58,000 2.34 
Dec., 1949 16.25 633,000 19.7 43,700 2.23 
Jan., 1950 15.51 625,000 20.0 44,000 2.28 
Dec., 1951 23.6 818,000 25.2 63,500 2.5 
Jan., 1952 23.4 836,000 25.3 63,700 2.46 
June, 1953 23.6 875,000 20.3 59,600 2.28 
*Dec., 1953 13.4 723,000 18.5 45,600 2.03 
1Feb., 1954 6.0 970 17.5 
*Dec., 1954 13.55 1,010,000 1,240 15.1 8.7 53,900 1.71 
3July, 1955 6.83 513,000 = 1,275 18.5 7.5 20,300 1.25 
Aug., 1955 6.61 522,000 1,300 19.5 7.3 20,000 1.26 
Oct., 1955 6.05 464,000 1,280 18.0 4.5 18,100 1.26 


*At this time part of the Old Well Field had been completed and was being used 
with the entire New Well Field. 

1Pumping from the renovated Old Well Field only, using same pumping equipment 
as for previous years. 

2Pumping from both Old and New Well Fields with old pumping equipment. 

The vacuum gage under the new set-up was raised approximately 8 ft. Therefore, to 
make vacuum readings comparable, 7.1 should be subtracted from these last 3 vacuum 
readings. 

Note: Present pumps are 125-hp and 1,000-gpm capacity. 
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tional practice and other factors such as decrease in pump efficiency 
which have a recognized bearing, the author feels there is no ques- 
tion of the trend established or that this trend can be traced in 
large part to loss of well-field efficiency. 

Column 5, showing average vacuum required, bears this out in 
particular. In compiling these data, those months have been chosen 
which had the closest possible water-table levels, so as to make the 
vacuum from this standpoint relatively constant. However, column 5 
shows the vacuum increasing year by year. Similarly, column 8 
shows a decrease in power consumption per 1,000 gal pumped. It 
should be added for purposes of comparison that from 1940 to 1953 
the discharge head has varied only from 94 to 99 psi. 

In addition to the well-field work of 1952 and 1953, we installed 
all new pumping equipment in the pumping station in March to 
May, 1955. Also, in February of 1955 we completed the installation 
of a completely new and different supply. This explains the sudden 
drop in daily pumpage at the Jordan Ave. source in 1955. 

Summary. The work of renovating this well field, done from 
September, 1953, to February, 1954, represents the yearly mainte- 
nance work of 1941, 1942, etc., which was allowed to accumulate 
until it had to be done. Had this work been done on a year-by-year 
basis, the quality of the water could have been maintained at a 
higher level, and the well-field and pumping efficiencies improved and 
kept constant, with a corresponding decrease in power costs. 

For these reasons we plan to embark on the following annual 
maintenance program starting this coming fall: 


1. Each well will be pumped individually and its present 
pumping capacity compared to its original recorded ca- 
pacity. 

Those that show a loss of efficiency of more than 10% will 
be surged with that chemical which, by experiment, is found 
to give best results. 

Those that still do not respond will be pulled, examined and 
replaced where necessary. 

The suction-header will be opened at the several Dresser 
couplings now in the line, inspected and, if necessary, 
cleaned. 
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DETERGENT RESEARCH RELATED TO WATER AND 
SEWAGE TREATMENT} 


BY F. J. COUGHLIN* 
[Received Feb. 24, 1956.]} 


This is the first report on the research activities sponsored by 
the Association of American Soap & Glycerine Producers, related to 
questions which are raised about detergents in some water supply 
and sewage treatment situations. The report will be of special in- 
terest to the members of the Association who manufacture deter- 
gents and detergent raw materials. The Association’s research ac- 
tivities have been handled by several technical committees under 
the guidance of the Technical Advisory Committee, with L. H. Flett 
of the National Aniline Division, Allied Chemical & Dye Corp. as 
Chairman. It is well-nigh impossible to do justice to the efforts of 
the individuals and companies participating in this work and to the 
spirit of cooperation which has been shown. 


QUESTIONS RAISED 


Requirements for water are constantly increasing, both for 
household and industrial use. Consideration of the problem of ade- 
quate future, water supplies raises questions about the proper dis- 
posal of all‘ types of waste, including domestic sewage. One ap- 
proach to the waste disposal problem is through the research and 
other programs which are being set up by industry and by Federal, 
State, and local agencies. Our industry is proud to take a part in this 
broad program. 


For some time now water supply and sewage treatment people 
have shown interest in detergents. This interest seems to lie in the 
possible effects, if any, of the normal use of detergents on water 


¢+An abbreviation of a report read at the annual meeting of the Association of American Soap & 
Glycerine Producers, Inc., New York, N. Y., Jan. 27, 1956, by the Chairman of the Technical Advisory 
Sub-Committee on Research, 

*The Procter & Gamble Co., Miami Valley Laboratories, P.O. Box 175, Cincinnati 31, 0. 
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supplies and in sewage treatment plants. Detergents are sometimes 
associated with problems of frothing, sedimentation, and coagulation 
difficulties in water treatment plants. In the treatment and disposal 
of domestic sewage, the normal use of detergents is said, in some 
instances, to cause frothing and to retard the biological processes 
of decomposition. The Association’s research program undertakes to 
determine whether there is any connection between the difficulties 
reported and the normal use of detergents and, if so, to what ex- 
tent. These problems had existed before the advent of detergents 
and it would be expected that they would increase in severity as the 
population increases. 


The interest of our industry in cooperating in the solution of 
water supply and waste water disposal problems goes back a good 
many years, and our Association and industry want to play our part 
in attempting to determine the facts and ease the problem. The in- 
dustry is glad to have a common interest in these problems with 
many able and conscientious groups, including the sewage and water 
treatment operators, the sanitary engineers and chemists involved 
in water supply and waste water disposal, the Federation of Sewage 
& Industrial Wastes Association, the American Water Works Asso- 
ciation, the U. S. Public Health Service, and the Ohio River Valley 
Water Sanitation Commission, known for short as Orsanco. 


Some of the people interested say that detergents are causing 
no difficulty. Going to the other extreme, the opinion is also ex- 
pressed that detergents are causing difficulties now and are likely to 
cause further difficulties in the future. The most frequently ex- 
pressed opinion seems to be that the information available does not 
give cause for major concern and that steps should be taken to 
obtain additional facts to answer the questions raised. This appears 
to be the thinking of U.S.P.H.S. and Orsanco and expresses the atti- 
tude of the Soap Association Technical Committee. 

Until the time when satisfactory answers to all these questions 
are available, our industry will wish to take sound constructive action 
and cooperate with others as a matter of broad public responsibility 
in seeking the possible solutions to these difficult problems. 
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DEFINITIONS AND TECHNICAL INFORMATION REGARDING 
DETERGENTS 


By way of definition, the term “detergent” is used in this dis- 
cussion to refer to the complete product as it is found in the package 
on the grocery shelf or in barrels or drums for general bulk indus- 
trial uses. In homes, detergents have grown to where their sales are 
well over half the total of all washing products. Detergents contain 
surface active agents, sometimes referred to as “surfactants”, and 
in addition they may contain inorganic and organic builders. Of the 
surface active agents, alkyl benzene sulfonate, a derivative of 
petroleum, often referred to as ABS, is used more extensively than 
any other. The most important builders used are the complex phos- 
phates. 

For those interested in further information on the characteris- 
tics and behavior of detergents, papers by Haney (1), Gowdy (2), 
and Hoyt and Flett (3) are recommended as they pertain to water 
and sewage treatment questions. The significance of the quantita- 
tive aspects of the behavior of detergents is not always recognized. 
At extremely low concentrations, detergents do not possess the same 
characteristics—such as foaming ability or emulsifying properties— 
which they show at the higher concentrations suitable for cleaning 
purposes. 

To obtain the kind of suds that the housewife likes in her dish- 
pan, she may use about 3,000 parts per million or three-tenths of 
one per cent of the packaged synthetic detergents. This would be 
equivalent to about 600 ppm or six-hundredths of one per cent of 
surfactant. 

Typical concentrations of detergent likely to be present in do- 
mestic sewage have been reported by Haney with 53 ppm as the 
highest value (1). This would be equivalent to 10 to 15 ppm of 
surface active agent, assuming, for the purposes of obtaining a maxi- 
mum figure, no decomposition or die-away. The concentration of 
surface active agent present in surface waters would therefore be 
considerably lower because of dilution effects, and in some instances 
might be zero. Some of the difficulties in water treatment have been 
attributed to as little as 1 to 4 ppm of detergent. 

Now to give you an idea of just how small one part per million 
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is, one pound in five hundred tons is one part per million—or one 
1%4-pound package of household detergent in 150,000 gallons of 
water is one part per million. It is remarkable that methods can be 
developed to find such trace quantities. 

One manifestation of the technical interest in this problem has 
been the development of a certain amount of literature which asso- 
ciates detergents with the difficulties encountered. Examined criti- 
cally in the light of the chemistry and behavior of detergents, it is 
apparent that proof has not been established that detergents neces- 
sarily create any ill effects. Also, it is quite evident that other fac- 
tors might have caused the adverse effects which have been reported 
and, further, it could very well turn out, when all the facts are in, 


that detergents do not produce the difficulties for which they are 
blamed. 


BIOLOGICAL DEGRADATION 


The frothing experiences in sewage works led to some appre- 
hension and speculation to the effect that some of the detergent 
components, particularly ABS, might be stable enough to resist de- 
composition and breakdown in sewage treatment and might pass on 
unchanged into surface waters, such as rivers and lakes. These ap- 
prehensions arose even though lack of sound analytical procedures 
made it impossible to obtain reliable objective measurements. Thus, 
there was no real proof that such things were happening. 


The California Research Corp. saw the importance of develop- 
ing fundamental information on the fate of ABS in sewage treat- 
ment processes and undertook a practical scale study. An unequivo- 
cal method of analysis was used, employing ABS tagged with radio- 
active sulfur. This work, reported by House and Fries at the New 
York Sewage and Industrial Waste Association meeting in New York 
City on January 19, 1956, shows that in the activated sludge plant 
in which the tests were made, 80 to 90% of the ABS was destroyed 
by the normal sewage treatment process.* This is the same efficiency 
as obtained on normal sewage in this plant. 


*Sewage & Industrial Wastes, Vol. 28, No. 4, Apr., 1956, pp. 492-506. 
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ANALYsIs or ABS 


In view of the fact that methods of analysis for the extremely 
low concentrations of ABS or other surfactants in water and sewage 
were inadequate, it was soon apparent that an analytical method 
which would give reliable results was needed in order to determine 
the extent of the problem. 

A method known as the Methylene Blue procedure has been 
used rather generally in the past and it is only recently that its 
weaknesses are coming to be recognized. Unfortunately, many people 
have relied on the Methylene Blue method and quite a bit of litera- 
ture is based on it. It is far from satisfactory, because urine, tea, 
coffee, and distilled water extracts of such materials as straw, leaves, 
and rotted wood—all of which contain natural surfactants—appear 
by this method to contain ABS when, in fact, it is not there. The 
A.W.W.A. Task Force Report(1) points out that the natural pro- 
duction of surface active agents is considerable and that raw waters 
may be expected to contain a variety of natural surfactants. 

Of course, the Methylene Blue method is still suitable where a 
quantitative result is not essential and when the concentration of 
ABS is obviously so low that it is insignificant. For example, using 
this method which may give fictitiously high values, the Ohio River 
at Anderson Ferry, Ohio, has been ranging from about 0.02 ppm to 
0.56 ppm, based on three samples per week over the past year. Even 
if the entire amount of “apparent ABS” were real, there is no need 
for checking the Ohio River by more laborious and time-consuming 
methods. 

To develop a suitable method of analysis which is unaffected by 
interfering substances is the mission of the Soap Association’s Sub- 
Committee on the Analysis of ABS. Such a method will not only 
make it possible to deal with the problem in a quantitative way but 
will be a basic tool for further research. 

In giving top priority to the analytical problem, the Soap Asso- 
ciation Technical Committee is following the suggestions of the Ohio 
River Valley Water Sanitation Commission and the American Water 
Works Association Task Group on Detergents. 

As a matter of fact, the Ohio River Valley Water Sanitation 
Commission’s interest in the possible effects of detergents stimulated 
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the formation of the present Soap Association Sub-Committee on the 
Analysis of ABS. Orsanco set up a Detergent Sub-Committee as 
part of the Chemical Industry Advisory Committee. This Sub-Com- 
mittee, in turn, invited companies engaged in the manufacture of 
detergents and detergent raw materials to cooperate in the develop- 
ment of a valid analytical method. The U. S. Public Health Service 
at the Taft Engineering Center in Cincinnati also was invited to 
join in the project. For a while this group proceeded on an infor- 
mal basis. Later on, since all the industry members of the informal 
group were members of the Soap Association, it was a natural move 
for them to become an official committee sponsored by our Associa- 
tion. The Soap Association committee has had five meetings in the 
past two years and it is estimated that the ten committee mem- 
bers have spent over 17,500 man hours on laboratory tests and ex- 
periments. The new analytical method should be considered a note- 
worthy accomplishment. 

To make a long and highly technical story as short and as non- 
technical as possible, the new method involves the measurement of 
the amount of ABS in the sample in question, first by removal of 
the ABS by adsorption on activated carbon. This begins to sort out 
the ABS from the larger amounts of other organic matter present. 
Then the ABS is removed from the carbon column, and next a fur- 
ther sorting out by chemical methods is accomplished. When a suffi- 
ciently large quantity of pure ABS has been quantitatively obtained 
from the sample, the final step is to measure it qualitatively and 
quantitatively by the use of an infra-red spectrophotometer. This 
new method, checked out carefully by the committee, should soon 
be ready for publication. 

The Soap Association technical group is the first to recognize 
that the method as it has been evolved will not be practical for 
the average sewage works or water treatment operator to use rou- 
tinely. A simpler method for making routine analyses is still needed 
and we hope to come up with something on this, too. The Taft 
Sanitary Engineering Center of the U. S. Public Health Service has 
reported on a new colorimetric short procedure called the “Methyl 
Green” method. The Monsanto Laboratories have also been doing 
some extracurricular work and are about ready to report on another 
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short method. The study of shorter methods will continue to be an 
important part of our future program. 


WATER TREATMENT 


In the water treatment area, the need for a more active pro- 
gram became apparent when the quiet on the waterfront was dis- 
turbed at Wheeling, W. Va., around Thanksgiving of 1953. Large 
quantities of froth formed on the Ohio River and in the water treat- 
ment plant there. The froth was accompanied by bad taste, discolor- 
ation, and extreme difficulty with filtering and settling. The river 
had been at an extremely low stage and almost in pool. This low 
flow brought about the presence of high concentrations of various 
organic and inorganic substances in the river water. When frothing 
occurred, the river water appeared to contain about 1 ppm of “ap- 
parent ABS”, using the Methylene Blue procedure, which includes 
the amounts of any interfering substances present. 

With such a low level of ABS in the water, it was extremely 
difficult for anyone to postulate how detergents might have produced 
the foam. On the other hand, the foam contained a high concentra- 
tion of ABS, which was present chiefly on finely divided solids held 


and suspended in the foam. This, while difficult to explain, was still 
not conclusive. Since that time, incoming water with the same con- 
centration of ABS by the Methylene Blue method has been treated 
by the water works at Wheeling without any trouble. In retrospect, 
a fair and reasonable point of view seems to be that detergents from 
domestic sewage were not the principal cause of the Wheeling froth, 
if indeed they had any appreciable effect at all. 


PHOSPHATES 


More recently, in instances where water treatment plants have 
encountered difficulties with coagulation and sedimentation, there has 
been some speculation that the complex phosphates from household 
detergents might be involved. 

It is true that if enough complex phosphates are present, they 
could retard coagulation and sedimentation in water treatment. In 
fact, it is because of this particular property, that these materials 
have become such an important constituent of household detergents. 
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However, before the conclusion is reached that they cause such 
troubles, there should be an answer to the question: “Are the com- 
plex phosphates or other phosphates present in sufficient concentra- 
tion in the surface waters going into the water treatment plants in 
question to produce the effects reported?” 

It is difficult to measure the possible effects of the complex 
phosphates from the household use of detergents on water treatment 
processes. The reason is that the complex phosphates undergo changes 
during the washing process itself, during their travel through the 
sewers, and in the sewage works. Furthermore, any residue which 
passes on to surface waters is expected to undergo further changes, 
because the phosphates are susceptible to being decomposed by the 
plant and animal systems present in all surface waters. 

There are many other unanswered questions. For example, 
“What are the conversion products, if any, which reach the water 
treatment plants?” “How quickly do the complex phosphates revert 
to the simpler forms, and what effect, if any, is produced by the con- 
version products?” “If the phosphates have any effects, how much 
of the effect is contributed by the phosphates from household deter- 
gents, how much by the naturally occurring organic and inorganic 
phosphates, how much by the phosphates from fertilizers, how much 
by phosphates from industrial plants, and how much from any other 
source?” 

A Phosphate Committee was recently organized in our Associa- 
tion to explore questions which have been raised. This hard-working 
committee includes our own members and, in addition, non-member 
organizations in the phosphate industry who are interested in partici- 
pating. The committee has started out on the problem of establish- 
ing good methods of analysis for the types of phosphates in the low 
concentrations which might be found in water and sewage. H. V. 
Moss of Monsanto Chemical Co., who is an active member of several 
other committees in this general field, is the able and efficient Chair- 
man of the Phosphate Committee. 


Kansas 


Our technical groups have already had a few opportunities to 
help others to investigate some of these difficult problems. After a 
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succession of several drought years in Kansas, serious water quality 
problems have been encountered in various parts of the state, and 
there is speculation that detergents are a factor in causing the diffi- 
culties. In fact, last year a bill was introduced in the Kansas legisla- 
ture which in essence would have made it unlawful to put detergents 
into a public sewer. Working on the principle that legislation would 
not solve the problem, but that research would, our Association 
offered its help. A representation from our Technical Advisory Sub- 
Committee on Research and our Committee on Analysis discussed our 
activities in detail with people from the Kansas State Board of Health, 
and a report was made at the April, 1955, joint meeting of the Kansas 
Sewage & Industrial Wastes Association and the Kansas Section of 
the American Water Works Association (4). A few weeks ago, the 
Kansas State Board of Health people asked us to cooperate further in 
studying current problems and the Technical Committees have been 
glad to take steps to assist in the present situation. 


Britain 

A British Government Committee on Synthetic Detergents is at 
present studying the question there. The Association’s activities have 
been reported by members of the Technical Committees to their asso- 
ciated companies in Britain, and in this manner the information 
which our Technical Committees have developed has been made avail- 
able to the British Committee. It is hoped that the work which is 
under way in the United States may be generally applicable to the 
British situation and may be helpful in solving the sewage treatment 
problems and any water quality problems which exist over there. 


Ouro RIVER VALLEY SANITATION COMMISSION, DETERGENT 
SuB-COMMITTEE 


To a great extent, because of the Wheeling experience right in its 
own bailiwick, the Ohio River Valley Water Sanitation Commission ap- 
pointed its Detergent Sub-Committee, mentioned previously. Prior to 
this, E. J. Cleary, Executive Director and Chief Engineer of Orsanco, 
had suggested a program of investigation that the Sub-Committee 
might consider. It is indicative of Cleary’s foresight that after these 
suggestions were reviewed carefully by those interested in the prob- 
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lem, it is essentially the program which is being followed at the pres- 
ent time. Soon after its appointment, the Orsanco Detergent Sub-Com- 
mittee extended an invitation to the Soap Association to help in the 
investigation of this broad industry question, since it extended beyond 
the confines of the Ohio Valley. The Soap Association was ready and 
willing to cooperate and accepted the invitation. It was a natural de- 
velopment for the Association to take over the analytical problem as 
has been described and to-organize and underwrite further construc- 
tive research investigations. 


RESEARCH PROJECTS 


The Technical Advisory Sub-Committee on Research was asked 
to recommend the problems for study, where they should be placed, 
and to determine the budget required to finance the work. The Asso- 
ciation then solicited and obtained the funds required from member 
and interested non-member companies. 

The question as to the type of ABS to use for study was resolved 
by making a composite of the alkyl benzene from the four suppliers 
on the Sub-Committee on Research. From this composite, Wearn 
and Ross of Colgate-Palmolive Co. have produced a composite ABS 
for use in the Association studies. 

A system was set up where liaison with each of the projects is 
being handled by one or more members of the research committee, 
and each of the projects has been visited by members of the com- 
mittee at least once this year. 

The first project to be placed by our Sub-Committee on Research 
was at M.I.T. The Continental Oil Co. people had been discussing 
with M.I.T. the detergent problem from the point of view of possible 
biochemical degradation of the surface active agents. It is obvious 
that breakdown of the surface active agent to the point where surface 
activity is destroyed would probably remove it as a cause of the 
frothing in sewage works, and would completely eliminate the prob- 
lems in water treatment associated with the surface active agents 
present in detergents. The work is under the direct supervision of 
Prof. Ross E. McKinney in the Civil Engineering Department. Pro- 
fessors Clair N. Sawyer and Rolf Eliassen are also associated with 
the project. 
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The second project was placed at the Sanitary Engineering Re- 
search Laboratory of the University of California at Berkeley, under 
Professors E. S. Crosby and P. H. McGauhey. They are following 
up on the work of the California Research Corp., mentioned previ- 
ously, and are making a more comprehensive study, under a wider 
range of conditions, of the fate of ABS in sewage treatment and in 
surface water supplies. 

The University of Wisconsin project is in charge of Prof. G. A. 
Rohlich and L. B. Polkowski. They are working on the causes and 
prevention of frothing in sewage treatment plants. Frothing systems 
free of detergents will be studied, as well as those containing deter- 
gents. As the headlines usually associate detergents and frothing, the 
Association obviously has a vital interest in getting to the bottom of 
this problem. 

The fourth project is under the supervision of Professors J. C. 
Dietz and R. S. Engelbrecht at the University of Illinois. It will 
study, as a first phase, the complex phosphate components of deter- 
gents, and later ABS, in water treatment plants. To get at the ques- 
tion of possible amounts that may be present in surface waters, it will 
survey the type and amounts of phosphates present in some of the 
waters in the State of Illinois, using the analytical tools supplied by 
the Phosphate Committee. Also, it has set up a pilot plant unit to 
study the settling operation in water treatment. 


In the judgment of the technical group, our research projects 
have been placed in excellent hands and cover the difficult areas of 
water and sewage about as effectively as any four projects could. 
These explorations, when completed, should reveal new and valuable 
information. 

SUMMARY 


Your Technical Committees hope that this report gives you a 
clear picture of the background and purposes of the research which 
the Association is sponsoring in the water supply and sewage treat- 
ment areas. 


The technical group hopes that you have an impression of the 
considerable amount of effort that is going into the study of the 
problem by representatives from the member companies. This report 
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should convey to you the picture that this is a completely non-com- 
petitive activity in which the cooperation of the interested people 
and companies is excellent. 

This report cannot have missed conveying to you that there are 
a number of interpretations of the facts which are available. If in 
this situation the industry had chosen to remain aloof, it is almost 
certain that the unproved and unfair interpretation that detergents 
are to blame for the numerous difficulties reported to have been ac- 
cepted by default. 

The technical group hopes that those who do not agree with our 
evaluation of the situation will accept the comments in this report im- 
personally and constructively, as they are intended. 

The Technical Committees urge all those interested in this prob- 
lem to take an objective and scientific point of view, to investigate 
further if there is any reasonable doubt, to accept as facts only such 
material as is properly documented, and to limit conclusions to the 
data and facts available. 

Your Technical Committees appreciate the demonstrated interest 
of the Association management people and the cooperating non-mem- 
ber companies who have already appropriated $128,000 to carry the 
program along for a couple of years. 

In conclusion, your Technical Committees hope that you and 
others are convinced by the information in this report that it could 
very well develop that detergents have not been responsible for all 
the things blamed on them. Your Technical Committees are inter- 
ested in working with others in this field and are looking forward in 
the next couple of years to finding the answers to at least a few of 
the difficult questions before us. They hope that the information ac- 
quired will represent a real contribution to the technology of water 
supply and waste water disposal. Your Technical Committees recog- 
nize that the water supply and sewage treatment areas are of great 
importance to the public and they want to assure the people in these 
fields of the Association’s active and continued cooperation. 
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ELEMENTS OF AN EMERGENCY WATER SYSTEM FOR 
FIRE SERVICE 


BY JOHN C. ADAMS, JR.* 
[Read March 15, 1956.] 


It is predicted that in the event of a bombing attack, the munici- 
pal water system will be either entirely inoperative or so damaged 
as to be useless for fire-fighting purposes. The pressure waves re- 
sulting from an atomic explosion will cause vertical displacement of 
building walls, resulting in a failure of water-service pipes which pass 
through them. It would not take too many such failures to reduce 
substantially the pressure in the system, so that it would be impos- 
sible to supply fire hydrants properly. Even with skilled employees, 
fully familiar with the distribution system, it would take many hours 
to isolate breaks and make even a portion of the system operative. 
Some method of providing a supply of water to fire fighters which is 
independent of the usual municipal system must be developed. It is 
my purpose to point out some of the elements of such an emergency 
system. 

It should be stated at the outset that the solution for one city 
or town is not directly applicable to another. What will work for 
Boston will mot necessarily work for Springfield. This matter of an 
emergency water-supply system for fire services has already been 
carefully considered for five specific cities in Massachusetts. The 
recommendations for each of these cities, while not the same, are 
based on certain fundamental elements. Preliminary studies resulted 
in the following conclusions: 

1. Fire fighting will not be possible except at considerable distance 
from ground zero. Many small fires of the secondary type will occur over 
wide areas. Secondary fires are those which are indirectly ignited by the 
bombing, such as those caused by overturning space heaters, cracked gas 
pipes, disrupted electrical service, or similar causes. Heat radiation will 


also cause fires at some distance from ground zero. It may also be possi- 
ble to fight or at least contain some of these. 


*Hydraulic Engineer, Coffin & Richardson, Inc., 68 Devonshire St., Boston, Mass. 
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2. Single fires of conflagration or fire-storm magnitude may occur 
which can be fought only from their outer edges or perimeters. 

3. Areas where fires cannot be controlled with the water available 
will have to be abandoned and efforts made to prevent the spread of the 
fire to adjacent areas. 

4. It will be impracticable to supply the large fire-flow demands nor- 
mally used in peacetime for all of the fires that may occur. 

5. Many parts of the existing municipal water systems will be in- 
operative and water must be obtained elsewhere; from harbors, rivers, 
lakes, and ponds. 

6. Many cisterns or tanks must be provided throughout the munici- 
pality, from which to draw water for direct fire fighting. 

7. Tanks must be kept full at all times and provisions made for re- 
plenishing them during the fire by means of a system of relays through 
other reservoirs. 

8. For relaying the water from the primary sources, fireboats, land- 
based mobile pumpers and large quantities of lightweight pipe and hose 
must be provided and kept at convenient locations, where they can be 
readily moved into or near the area on fire. 

9. Any system of emergency water supply must be independent of 
existing local systems and entirely mobile, and a definite plan must be 
prepared in advance for its use when needed. Specially trained crews will 
be required to set up and operate the auxiliary water systems following an 
attack. 


Demand Rate 


Naturally, the design of any water system for domestic or fire 
service, whether permanent or auxiliary, is dependent upon the auan- 
tity of water which the system must convey. Early study of the fire- 
demand rates which would be required following an atomic attack 
led to a quick but firm conclusion that fire demands as we know them 
for isolated peacetime fires were out of the question. Water for fire- 
fighting purposes will be an extremely scarce commodity, and what 
water is available must be put to the most efficient use. As there will 
be so many fires following an attack, the fire-fighters must either 
fight only those isolated fires which can be extinguished with a small 
quantity of water, or use the available water to prevent the spread- 
ing of large-area fires. 

For one city which was studied, the maximum design demand 
rate was selected as 1.25 gal per minute per 1,000 sq ft of building 
floor area. While this seems like a pitifully small quantity, it should 


4 
2 
a 
vite 
eres 
3 


JOHN C. ADAMS, JR. 313 


be realized that this design demand rate was applied to the entire 
city, block by block. Presumably, there would be only enough man- 
power to fight fires in a small percentage of the total number of 
blocks in the city. Therefore, water provided at the design rates for 
blocks at which fire fighting is not being undertaken will be available 
for application to those blocks at which the fire fighters are active. 


Storage Tanks 


Once the design demand rate has been established, a means of 
supplying the rate must be developed. On the concept that it will 
take time for the auxiliary water-supply system to be set up and 
supply lines, pumps, and other necessary apparatus to be activated, 
it is necessary that local storage be made available for initial fire- 
fighting purposes. Local storage should consist of ground or low- 
head reservoirs, located adjacent to the blocks they serve and within 
500 to 750 ft, where possible. They should also be located within 
750 to 1,000 ft of one another, so that the water can be relayed from 
those not in use to those which are being used. 

The capacity of these storage tanks is simply the demand rate that 
they serve multiplied by the interval between the time in which fire 
fighting is begun and the time when the auxiliary supply system can be 
brought into service to replenish the tanks. This time interval may 
vary from city to city, or even from area to area within cities, de- 
pendent upon the overall relay length from a source and numerous 
other factors. It is admittedly a judgment factor. At Olney, Md., the 
Federal Civil Defense Agency has conducted numerous practice ex- 
ercises, using quick-coupling pipe, pumpers, and other equipment. 
Presumably, information is available regarding the amount of time 
required to lay and place relay piping in service. In most of the 
areas studied in the Massachusetts cities referred to above, the stor- 
age time was chosen as one hour. It is important to note that this 
is one hour following commencement of fire-fighting operations and 
not one hour following an attack. Further, it should be noted that 
since storage would be provided for a one-hour period for the entire 
demand and due to the aforementioned manpower limitation and the 
fact that all blocks would not be fought simultaneously, additional 
nearby reservoirs not being used can be made available to extend the 
one-hour period for those reservoirs being used. 
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Having established a demand rate and selected and sized local 
reservoir capacities, the next and most difficult problem is to plan 
methods of replenishing the storage reservoirs after the initial reserve 
has been used. The word “plan” is important, because a scheme must 
be evolved which is simple, fast, and sufficiently flexible so that vari- 
ations may readily be made, due to circumstances such as accumulated 
rubble or other difficulties which would not be known until after the 
actual attack. 


Sources ef Water 


Sources of water would be rivers, harbors, lakes, and possibly 
large storm conduits in some instances. Possible intake locations 
should be carefully studied in advance and any necessary preliminary 
construction for easy access made. Where land-based pumpers are to 
be used at a natural body of water, and particularly at tidewater, a 
dock or ramp may be necessary to locate pumps within the range of 
their allowable suction lifts. In some locations on tidewater, special 
self-propelled fireboats might be used. Some preliminary work has 
been done on the idea of converting the Navy’s 36-foot L.C.V.P. boats 
for such service. 

Where the bank of a pond has a very flat slope, a special sump 
with an intake channel has been developed. Some consideration has 
been given to the use of turbine pumps, suspended from bridges. 

In the final analysis, the selection of the type and location of 
intake is dependent upon the particular local conditions and upon the 
relay system through which the pumps will replenish the storage tanks 
with water. 


Relaying of Water 

In the problem of relaying of water there is perhaps the most 
disagreement amongst those who have studied these problems. Some 
contend that pipes should be laid on the ground ahead of time, and 
only the necessary repair work done after the attack. Others claim 
that the conditions after the attack will dictate the route and type 
of distribution piping that will be necessary, and thus all piping should 
be laid after the attack. 

In either event, a type of lightweight, quick-coupling pipe has 
been developed which can be laid by a trained crew. This pipe is 
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made of lightweight steel or aluminum. During World War II, the 
British used a great deal of quick-coupling pipe very effectively in 
fire-fighting operations following incendiary attacks. The Federal 
Civil Defense Agency has purchased a supply of this pipe, including 
fittings and valves, and has allotted supplies to the various cities des- 
ignated as prime targets. 

In some cases, relays will involve such large distances that 
booster series pumping will be necessary. The need for booster pump- 
ing is purely a hydraulic problem, dependent upon the quantity of 
water being pumped and the length and size of pipe. 


Summary 


In a very few moments, I have tried to mention a few of the basic 
elements that should comprise an emergency water-supply system 
for fire service. My purpose has been solely to arouse your interest 
in this subject, which I frankly believe has not been given sufficient 
attention. Our present water-supply systems are highly vulnerable 
to peacetime failure, let alone a bombing attack. I believe that it 
is the minimum duty of each water-works superintendent and fire chief 
to find out what equipment, such as pipe, fittings, valves, and pump- 
ers, is available to him from Federal or State Defense agencies and 
to make a study of his city or town, so that, if such an emergency 
arises, he will at least have a prepared plan on how to place such a 
system into service. 

I also believe that superintendents and fire chiefs should see this 
equipment, learn how to operate it and then instruct their various 
crews in its operation. 

You owe it to the communities you serve to learn all you can 
about this problem. There are various publications on this very im- 
portant matter available from the Federal Civil Defense Agency, the 
National Fire Protection Association, and other agencies. Here in 
Massachusetts, the State Civil Defense Agency has had printed, for 
the use of such persons as yourselves, the reports on the five Massa- 
chusetts cities studied.* 

How many of you here today know how you would go about 
providing an emergency water-supply system for fire service, if faced 
with a complete failure of your present system? 


*Studies and Reports by Coffin & Richardson, Inc. 
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CIVIL DEFENSE IN MASSACHUSETTS 
BY JOHN J. MAGINNIS* 


[Read March 15, 1956.} 


Civil Defense came into permanent being in 1950, through the 
enactment of Federal Public Law 920, and in Massachusetts by the 
enactment of Chapter 639, Acts of 1950. 

The State and its political sub-divisions have been made pri- 
marily responsible for the operation of Civil Defense, and many of 
our present problems arise from this situation. In the light of present- 
day conditions, it is now a quite widely accepted belief of those who 
are close to the Civil Defense problem that the intergovernmental 
responsibilities for Civil Defense are presently inappropriately de- 
fined and assigned. The view now held is that the states have a re- 
sponsibility which, by the realities of the problem, they cannot effec- 
tively discharge. They have no significant degree of real policy for- 
mulation and technical leadership. The consequence is that they have 
been unwilling to bear the heavy financial burden involved. 

There is much evidence that changes in the concept of Federal 
Civil Defense, with regard to its relation to the states and sub- 
divisions, are imminent. During this session of Congress, the Military 
Operations Subcommittee is actively investigating this problem. This 
Committee (Holifield Committee) has indicated that its hearings will 
be exhaustive, that it will probe all phases of the subject, and that 
it will submit legislation to the Congress which will provide for the 
establishment of an effective Civil Defense in the nation. 

Let us now look at the situation that faces us in Massachusetts. 
I think there can be no question in anyone’s mind but that war is a 
real possibility. Certainly the aims with their resulting actions of the 
Soviet Union, since World War II, have made this evident. We know 
that the Soviet Union has the capability of striking any target in the 
United States. We know that they have the planes, and we know 
that they have the weapons—and by weapons, I mean nuclear weapons 


*Brig. General, U.S.A.R., Ret’d, Director, Mass. Civil Defense Agency, Natick, Mass. 
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in the megaton range. We also know as the months go by they are 
in a better and better position to carry out such a mission. We know, 
too, that Massachusetts is vulnerable because of its geographical lo- 
cation and concentration of important industrial and military installa- 
tions. So the threat is there, and we are trying to prepare ourselves 
against it. We also know that war will be all-out, and that what we 
have to meet the initial onslaught with, when it comes, may pretty 
well determine the degree of success that we shall have in overcom- 
ing it. 

Should a sudden attack occur, we do not have a firm idea as to 
how much warning time we shall have before the bombs actually fall, 
and the probability is that we shall never have a guaranteed time. 
From all information that has been made available to us, it appears at 
this time that we can count on about two hours of warning time. While 
the establishment of early warning lines and other radar defenses, that 
we now have, do give greater insurance against surprise attack, it has 
not increased our warning time greatly, for much of this advantage 
is being cancelled out by the increased speed of new planes. With 
conventional planes we might well expect four to six hours of warning 
time, but with Soviet jet bombers coming into the picture more and 
more every month—bombers like our new B-52s—it is doubtful that 
we should have more than two hours of warning time from the time 
that these planes were first detected until they were over our cities 
in Massachusetts. All our planning assumptions are based on this 
figure. 

In Massachusetts we have three critical target areas, as desig- 
nated by the Federal Civil Defense Administration. These cities are 
Boston, Worcester and Springfield. I should like to point out also 
that we have a small section of the State which lies close to Provi- 
dence, R. I., and which is included in the Providence target area. Also, 
although the actual target area of Hartford, Conn., does not impinge 
on the Springfield area, the close proximity of these two cities does 
give rise to some problems. So we have a situation of three fairly 
sizeable urban areas that are relatively close together, and two others 
close to the state line. We have about 5,000,000 people in Massachu- 
setts, and about 3,000,000 of them live in these critical target areas. 
Therefore, we are faced with the problem of doing something about 
approximately three-fifths of our population. 
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In the past, Civil Defense has been almost entirely a post-attack 
organization. By that I mean that Civil Defense has been organized 
to go into action after the disaster. In other words, it was a sort of 
“pick-up-the-pieces” organization. It is evident from the facts now 
facing us that, unless something is done before the disaster takes 
place, there are not going to be too many pieces to pick up. Today 
we are thinking of Civil Defense in terms of a pre-disaster organiza- 
tion, as well as a post-disaster organization. It is a far greater oper- 
ation all around, for it means that the better job we do in saving 
people from injury and death, the bigger job we shall have to do after 
the attack is over in taking care of them. It has, therefore, become an 
undertaking that requires a vastly expanded organization and oper- 
ation, and has, in fact, become a highly important part of our total 
defense organization. 

How are we, then, to meet this threat? How must the Com- 
monwealth of Massachusetts organize itself, and how must its Civil 
Defense be set up in order for us to be prepared for a war-borne dis- 
aster? 

Civil Defense organizations in the various states are placed in 
different positions in the state organization. Some are in the Military 
Department under the Adjutant General; some are in the Department 
of Public Safety; some are in a separate agency under the control of 
a commission, and some are a separate agency directly under the gov- 
ernor. In Massachusetts, the Civil Defense Agency is in the Execu- 
tive Branch, responsible directly to the Governor. 

The first job that was undertaken by me, when I came in two 
years ago as Massachusetts Civil Defense Director, was to institute a 
reorganization of the Agency on the basis of new requirements, 
brought about by the increased size and deliverability of nuclear 
weapons, and the corresponding threat to our population. The or- 
ganization had to be brought into line with the realities of our present 
situation. This was accomplished by setting up the organization with 
which we are now operating, as shown on our Organization Chart. 

We are organized somewhat along the military pattern with a 
staff and with services. We have, under the Director, a Deputy Di- 
rector, 6 staff positions, 17 service positions and 22 field positions—a 
total of 47 positions in all. 
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So much for organization—let us look now at how we operate. 
We are fortunate in Massachusetts to have Civil Defense set up in 
the State organization in the way that it is. I referred earlier to the 
fact that the Director is responsible directly to the Governor, with 
no intervening authority or department head. He is directly under the 
Chief of State and has direct responsibility to him. The Civil Defense 
Agency is a coordinating agency of public and private resources and, 
because of its position of independence under the Governor, it is an 
ideal position to accomplish such coordination. Compliance among 
state agencies has been accomplished through the issuance of appro- 
priate orders by the Governor. We had a practical application of 
how Civil Defense works in the State during the August, 1955, floods, 
by the issuance of a proclamation by the Governor, declaring a state 
of emergency and directing the Director to “take all steps and do all 
such things as I personally might do if present by virtue of Chapter 
639 (Civil Defense Act) to combat such emergency and the effects 
thereof.” This placed the Director in complete and unquestioned con- 
trol of the State and municipal machinery during the period of the 
emergency and placed the responsibility for dealing with it squarely 
on his shoulders. 

Our operations fall into several areas of activity. First of all, 
there are our out-of-state activities. These have to do with the Fed- 
eral Government or national organizations and are handled primarily 
through the Federal Civil D«fense Administration. Beside this, we 
have direct operational contacts with other states through formal 
mutual-aid compacts. Massachusetts has 20 mutual-aid compacts 
with other states. These compacts, in my estimation, have no great 
value, for they appear to be operationally unsound, especially under 
present circumstances. In Region I, during the national exercises 
which take place annually in June, by common consent, all states in 
the Region agreed to make requests for, or offers of, assistance from 
other states through the Regional Office, rather than going directly to 
other states. It simply means that in a disaster of great consequence, 
say one affecting many states, there must be a clearinghouse for 
requests for, or dispersals of, resources from national or other states 
sources to an individual state. 

The second area in which we operate is within the State organi- 
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zation itself. Ours is the responsibility to coordinate the organizing 
of the State and all its departments and agencies to meet any dis- 
aster. We must evaluate and define the full resources of the State, 
in order to utilize them fcr an emergency. Civil Defense is not the 
sole job of the Civil Defense Agency; each department of the state 
has the inherent responsibility for its organization for Civil Defense 
purposes. The Massachusetts Civil Defense Agency has, of course, 
the responsibility for supervising and coordinating such activities. In 
brief, an agency has departmental responsibilities, such as the pro- 
tection of its own resources; the determination of essential functions 
and resources—that is, those that must go on regardless of what 
the emergency is; the determination of resources available to Civil 
Defense; establishment of alternate headquarters, and emergency 
succession of its officials. It also has service responsibilities, such as 
the assignment of personnel to Civil Defense staffs; organization and 
training of available resources for Civil Defense functions, and for 
the actual performance of assigned Civil Defense functions in time 
of disaster. 

We are now in the process of evaluating our State resources. 
Every agency in the state now has a Civil Defense Officer, who has 
assigned duties in this respect. Before too long we shall be in a po- 
sition to know pretty much what State resources we are going to be 
able to call upon in a great emergency. These different agencies of 
the State are now in the process of determining where alternate head- 
quarters are going to be; what records they must duplicate; where 
they are going to store dispersed material. I am particularly pleased 
with the way this phase of the work has developed in our state. 

Probably our most important area of activity is with the sub- 
divisions of the state—the 14 counties and 351 cities and towns. As 
indicated earlier, we have set up our field organization, in order to 
be able to discharge our duties to the local organizations more effec- 
tively. Through our Areas and Sectors we are able to give the local 
directors more individual attention and support than formerly. This 
organization is already beginning to prove itself. You must realize 
that a great majority of these communities have volunteer Civil De- 
fense directors, who carry on these activities in addition to their 
regular daily work. They cannot, therefore, be informed on all the 
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things which they should know about their Civil Defense duties. The 
help and assistance which the Sector Directors are able to give them 
has already raised the morale and efficiency of many local organiza- 
tions. Best of all, it gives us a direct contact with and, in an emer- 
gency, control over local Civil Defense. We have a clean and direct 
command channel for operations. 

And finally we have another general area of activity, and that 
is with the public at large. This field has to do principally with 
public information and public relations. It has to do with the dis- 
semination of information of a Civil Defense nature to the gen- 
eral public. It is at once one of our most important activities and 
one of our most difficult. Lack of public interest is constantly being 
talked about as a large factor in the ineffectiveness of Civil Defense as 
a whole. Certainly some of this springs from the uncertain program 
that Civil Defense has offered in the past. I believe, however, that 
the threat is now great enough and our program to meet it well 
defined enough, for the so-called public apathy to be effectively at- 
tacked and, I hope, dissipated. 

To carry on these operations we have been very badly handi- 
capped insofar as headquarters are concerned. The Legislature has 
appropriated, and plans are now going forward, for the building of 
an underground structure, to house both administration and control 
center, that will cost approximately $1,500,000. None like it now 
exist in Civil Defense, and when it is completed it should be the 
finest in the country. We now make it a hard and fast rule that ad- 
ministration and control centers of State, Area and Sector must be in 
the same location. 

Now let us look at our problem. As I have stated earlier, we 
find ourselves in Massachusetts in the following situation: 5,000,000 
people; three critical target areas; 3,000,000 people in these target 
cities; two hours of warning time—a pretty grim situation. The de- 
structive power of megaton weapons is so devastating that there is 
no serious thought being given to a program of shelter construction. 
If we want to save our people, we have one choice and one choice 
only—that’s to get them out of our target cities. The best chance 
that the individual has for saving his life is by putting as much dis- 
tance as possible between himself and ground zero. We are, there- 
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fore, attempting to substitute distance for shelter. In Civil Defense 
this principle is known as Evacuation. 

To emphasize the seriousness of this situation, I should like to 
cite to you the figures on page 323, which indicate the damage that 
would result if hydrogen weapons were dropped on these target areas 
at their time of greatest vulnerability. 

We have been working on this evacuation problem for about a year, 
and while we have something to show for our efforts, we have not 
nearly enough. It is not necessary, I think, to indicate to you that an 
operation, which attempts to move 3,000,000 people to safety under 
the most unfavorable circumstances and then provide for them for 
an indefinite period in inadequate surroundings, presents a problem of 
staggering proportions. If successful evacuation can be accomplished 
in our American cities, we are going to be faced with the biggest 
logistics problem that the world has ever known. 

Here, briefly, is where we now stand in Massachusetts with 
regard to our evacuation plan: 

The State has been divided into three types of zones: Evacu- 
ation, Neutral and Reception Zones. The size and extent of the zones 
to be evacuated was arrived at through a determination of the proba- 
ble size of the weapons which would be used on it, to accomplish 
the greatest necessary destruction. These figures were concurred in 
by Federal Civil Defense and First Army. I indicated the size of 
these weapons just a moment ago: for Boston a 30-megaton bomb, 
for Worcester a 5-megaton bomb and for Springfield a 10-megaton 
bomb. If you are wondering why Springfield has a larger weapon 
estimated for it than, say, Worcester, which is actually a larger city, 
the reason is that Springfield has Westover Air Base, an SAC Base, in 
close proximity to it, and that it is why the value-rating of this target 
has been raised. Persons in these evacuation zones will leave by way 
of evacuation or escape routes. Such routes, marked with special 
evacuation signs, will permit of only one-way traffic—outward bound 
with no cross traffic. Although all possible means of transportation 
will be used, the private automobile is the basic method utilized for 
the movement of our population. Our plans do not call for any so- 
called walkouts, as such, but only for persons to walk to assembly 
points where they may be picked up by vehicles. The movement of 


> 
3 


JOHN J. MAGINNIS 


Boston AREA 
(30-megaton bomb) 


% of total 
A-Zone B-Zone C-Zone D-Zone Totals population 


Miles Radius 
from 

Ground Zero 
Estimated 
Daytime 
Population 
Killed 
Injured 


-7-11.4 11.4-17 17-22.8 


800,000 200,000 100,000 
160,000 10,000 1,000 
240,000 50,000 9,000 
400.000 140,000 90,000 


WorCESTER AREA 
(5-megaton bomb) 


% of total 
A-Zone B-Zone C-Zone D-Zone Totals population 


Miles Radius 
from 

Ground Zero 
Estimated 
Daytime 
Population 
Killed 
Injured 

Safe 


3.1-6.3 6. 3-10. 1 10.1-12. 6 


40,000 
12,000 

8,000 
20,000 


SPRINGFIELD AREA 
(10-megaton bomb) 


we. % of total 
B-Zone C-Zone D-Zone population 


Miles Radius 
from 

Ground Zero 
Estimated 
Daytime 
Population 
Killed 
Injured 

Safe 


8-12 12-16 


35,000 50,000 
1,750 500 
8,750 4,500 

24,500 45,000 


323 
0-57 
1,100,000 2,200,000 
825,000 996,000 45.3% 
165,000 464,000 21.1% a 
Safe 110,000 740,000 33.6% f 
‘ 
0-3. 1 
228,000 20,000 60,000 348,000 : 
171,000 1,000 600 184,600 52.8% 
Fs 34,200 5,000 5,400 52,600 15.1% 
22,800 14,000 54,000 110,800 32.1% 
a 
| 
180,000 150,000 415,000 
135,000 45,000 182,000 44.2% 
36,000 30,000 79,000 19% 
9,000 75,000 152,500 36.8% * 
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these people on evacuation routes will be out away from the city, 
through neutral zones into reception zones. No pre-assignment of 
evacuees to definite reception areas has yet been attempted. 

The areas around the evacuation centers themselves are called 
“neutral areas,” and are a ring of towns that either abut or are ad- 
jacent to the towns of the evacuation areas, or other urban areas that 
are not in the critical category. The zone is established for the or- 
ganization and assembly of Civil Defense forces to combat the results 
of the disaster. Persons that live in this zone do not move, but stay 
in place, unless, of course, they desire to leave. Evacuees will pass 
through it to reception areas beyond. Unlike the old “duck and cover” 
plan, where seeking shelter was mandatory, there is no compulsion on 
the part of anyone to evacuate or take shelter, if he does not want to. 

All other areas of the State are reception areas. These are the 
areas in which evacuees will be held, housed, clothed, and fed until 
their further distribution can be accomplished or until they can be 
returned to their homes. The reception areas in Massachusetts are 
not great enough to take care of the population, and consequently 
individuals will have to be moved into nearby states, principally New 
Hampshire and Maine. At the same time, Massachusetts will have to 
receive evacuees from Rhode Island. There is a possibility that some 
may have to be received from Connecticut and also, around the Pitts- 
field area, from New York state. In order to initiate planning on the 
local levels, a series of state directives called “Evacuation Memoran- 
da” were issued from time to time. The most important of these was 
the second one that we issued—an outline of Massachusetts Civil De- 
fense evacuation policy, which was, more or less, the blue print of 
the whole operation. 

On February 24, the Governor issued Executive Order #31, 
which is the so-called Evacuation Order. This officially prescribes 
evacution of critical target areas as the official policy of the Common- 
wealth and in general sets forth the principles and methods under 
which this policy will be carried out. By today, every family in 
Massachusetts should have in its possession an instruction card, giving 
information as to the zone it occupies, what the attack warning sig- 
nals are, and other necessary facts. How effective this would be today 
would depend upon how well the local community has developed its 


Px 
4 
ii 


JOHN J. MAGINNIS 325 


individual plan. In any event, incomplete though our plans are, we 
have now crossed the line from the old take-cover policy to that of 
evacuation. If an enemy attack should come today, we would attempt 
evacuation. 

We have one other factor in this matter, and that is the Federal 
Survival Plan. This Survival Plan is a project which is underwritten 
by the Federal Civil Defense Administration. Its purpose is to make 
studies of various kinds that will allow a proper evacuation plan to 
be set up for a critical target area. In some cases the Survival Project 
involves more than one state—for example, the Greater New York 
area, where three states are involved. In the case of Massachusetts, 
where we have three target areas, the Federal Government, rather 
than indicate each target separately, has allowed us to make a plan 
for the whole state, since our target cities are so close together that, 
for all practical purposes, they constitute a single integrated oper- 
ation. We feel in Massachusetts that we are as far along as proba- 
bly any state in our evacuation planning. However, since some of 
our planning has been on a “best estimate” basis, we know that re- 
visions will unquestionably be necessary. The Survival Plan will, we 
hope, give us the basic and definite facts and figures upon which we 
can base our final conclusions. This study will be developed by a 
special task force outside the Agency. The Survival Plan comes at a 
particularly good time for us, because we still have policy decisions 
that we absolutely cannot make until we have more specific facts 
and information on some of the factors involved in the plan. I feel 
certain that this is going to give us the firmest possible foundation 
upon which to build our final evacuation plan. The Survival Plan 
also requires that field exercises be run to prove out the plan, and 
this will be most welcome, for as yet Massachusetts has held no such 
test. 

Now a word about natural disasters. As already stated, Civil 
Defense in Massachusetts has responsibility for natural disasters. In 
this regard, during the past three years, we have had much to do in 
this field and have built up a considerable experience in natural 
disaster operation. We had the Worcester Tornado in 1953, the hur- 
ricanes of 1954 and the major flood of 1955. 

The 1955 flood was by far our largest natural disaster, and the 
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fourth major natural disaster that Civil Defense had to combat in a 
little over two years. In my opinion, it was the best and most effec- 
tive operation of any that we were engaged in from all standpoints. 
The mobilization and disposition of forces was speedy and reflect 
great crdit on local organizations. Communications were better or- 
ganized and more effective than in the past. Our lines of command 
and authority were effective. Civil Defense could do little about 
averting the physical damage of the flood, but the results of its oper- 
ations in rescue and evacuation showed up clearly in the low loss of 
life in Massachusetts—only some twelve people lost their lives. The 
most pleasing thing to me about the whole operation was that we 
got a fast start on it; we stayed on top of the situation throughout; 
and we were constantly thinking ahead, and anticipating actions to 
be taken. In short, we operated like a going concern. 

In closing, I should like to refer very briefly to some of the 
problems that confront us. This is pretty much a new field that we 
are in. We are being called upon to perform an operation of military 
proportions with a volunteer organization, and not a very well trained 
one at that. This can only be offset by a more widespread realiza- 
tion of the necessity for grappling with the problem in official and 
private circles. Competent personnel is difficult to come by, and con- 
siderable training and education are necessary before an individual 
is of much value. 

We are in a sense creating and developing at the same time. 
The march of events is often too rapid for a cumbersome organiza- 
tion like ours to keep step with. We are only now at our Agency be- 
ginning to develop a professional corps, competent for the work of 
Civil Defense. 

The great problem which we live with day and night is: how 
much time have we in which to perfect our plans and develop our 
organization? Two years? Five years? That is the unanswerable 
question. It might be less rather than more. Certainly recent events 
tend to confirm this. I feel a strong sense of urgency and am conse- 
quently making our plans on the basis that time may be shorter than 
we think—and in Civil Defense we have a fearsome amount of 
work that still remains to be done. 


FRANK P. MCNEA 


WATER SUPPLY, FIRE FIGHTING AND CIVIL DEFENSE 
BY FRANK P. McNEA* 


(Presented March 15, 1956.) 


It is my purpose today to attempt to develop a better under- 
standing between water-supply officials and our fire chiefs on the 
necessity of closer coordination in natural disaster or civil defense 
emergencies. 

Effects of nuclear attacks can be listed in three groups: 

1. Blast effects—-These will be extensive but will be over in 
a few minutes. 
Radiological effects—These effects can be lethal following 
a burst, but will immediately start to decay and will dimin- 
ish with time. 
Thermal effects—The thermal effects of the bomb, while 
extensive at the outset, will continue to increase its destruc- 
tiveness. The important point to remember is that the bomb 


only sets the fire. The combustible material in the city pro- 
vides the additional fuel. The fires, if not stopped, will in 
many cases burn out to open areas. 


The services faced with the principal job of minimizing damage 
during the vital post-attack hours are the water-supply and fire 
service. The nation’s fire service can be counted on to do their ut- 
most, to cope with post-attack conditions, but despite any possible 
concentration of men and equipment, their success in containing 
mass fires will be based on the effectiveness and scope of the pre- 
attack water-supply program, and the full coordination of the water 
department and fire service during post-attack operations. 


FrreE-SERVICE PROBLEMS 


The atomic age has brought to the fire service problems of such 
immensity that peacetime fire-fighting forces and operational concept 


*Fire Operations Specialist, Fire Office, Techmical Advisory Services, Federal Civil Defense Adminis. 
tration, Battle Creek, Mich. 


4 
327 


328 


WATER SUPPLY, FIRE FIGHTING AND CIVIL DEFENSE 


must be fully coordinated and greatly expanded. The conditions cre- 
ated by heavy attack with modern weapons must be thoroughly 


understood, in order to prepare a comprehensive operational plan for 
target areas. 


The basic facts to be considered are as follows: 


That attack by nuclear bombs is now possible on any of our 
target cities. 

That the use of incendiary bombs, high-explosive bombs, 
chemical bombs or war gases is probable on smaller targets 
or in conjunction with atomic and hydrogen bomb attacks. 
The possible occurrence of fire storms and conflagrations, 
caused by atomic and incendiary bomb attacks. 

That the fire-fighting forces must be in operation to control 
the spread of fire within the first three hours. This will re- 
quire that fire-fighting forces be quickly available and that 
the movement and response of support forces must be pre- 
planned and be as automatic as possible. 

The expectation that numerous fires may be started by sabo- 
teurs in evacuated cities, to hamper post-attack operations, 
and that sabotage fires may also be expected in support areas, 
in order to reduce the quantity of fire equipment available 
for target-city defense. 

Evacuation problems: 


(a) The possibility that the evacuation of the population 
might, if not carefully planned, result in numerous 
fires, caused by the hasty shutdown of manufacturing 
plants and other establishments, and also by the hur- 
ried evacuation of homes and stores. 

(b) The overcrowded conditions in the reception-area com- 
munities can be expected to result in numerous fires, 
caused by the violation of fire safety regulations, such 
as improvised cooking facilities, and particularly in 
cold weather, where improvised heating facilities would 
be necessary. 

(c) Mutual-aid fire equipment may have great difficulty in 

reaching the target cities because of the heavy road traffic, 
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and alternate plans should be prepared for the use of 
railroad and other transportation facilities, for the move- 
ment of fire-defense forces for long hauls, and even 
for short hauls where the situation may require. 

(d) Where the target area has been evacuated at the time 
of attack, the small fires in the fringe areas would have 
time to develop into sizable fires before they are at- 
tacked. The control of such fires will, therefore, require 
the service of trained teams, equipped with pumping 
apparatus and hose. 


Radioactivity 


(a) 


(b) 


(c) 


Wartime Fires 


Fallout of radioactive particles from the local target area 
and the fallout resulting from attacks on other target areas 
may prevent or seriously delay fire-fighting activity and 
may also seriously interfere with the movement of support 
equipment. 

Water under good pressure can be used to reduce the radio- 
logical contamination of equipment, to reduce the contamina- 
tion of front-line working areas in target cities, and also to 
decontaminate buildings, areas and facilities used for feeding 
and housing the evacuees in the reception areas. At the pres- 
ent time the local fire departments are the only organizations 
equipped to furnish this very important service. 

The radioactivity in many cases will prevent the individual 
fire fighters from working in front-line contaminated areas 
for long periods. This will require that the program for the 
recruitment and training of a large additional auxiliary force 
be expanded to meet this challenge. 


Fire from atomic or super bombs will start from two causes: 


(1) 


The primary thermal effect of the bomb; (2) fires resulting 
from destruction by blast of buildings and contents. Fire 
fighting will not be possible in the central core of damage 
directly surrounding ground zero. There the buildings will 
be flattened and swept by fires. Such fires will not, it is ex- 
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pected, be free-burning. It is in the areas surrounding this 
central core, where buildings will be damaged but partially 
left standing, where we believe that mass fires could develop. 
(We now believe that atmospheric inversion may be a con- 
trolling factor in determining whether these mass fires will 
develop into fire storms or conflagrations). 


Fire Storms 


A fire storm is a phenomenon which occurred in numerous at- 
tacks of the last war. It involved the almost instantaneous ignition 
of many buildings over a wide area. These initial fires coalesce and 
produce a thermal column or pillar which, in the absence of a strong 
ground wind, rises almost vertically. New air is pulled in at the base 
of the pillar, and this onrush of air can assume gale-like proportions. 


Conflagrations 


The conflagration as described in the wartime fires had the same 
set of conditions initially, but in the presence of a strong surface wind 
the column was pushed over more or less horizontally and spread 
fire in the direction of the wind. The movement of such a fire could 
be headed off in some cases by fire fighting, but in the last war the 
fire usually burned out to an open space. Such a fire generates an 
intense heat wave, that makes it impossible for the firemen to operate 
against the wind, and this heat wave will often ignite buildings sev- 
eral hundred feet in advance of those actually burning. The area 
ahead of the fire will also be showered with thousands of burning 
embers. The only effective stop for a conflagration of this magnitude 
is an open area sufficiently wide to permit the firemen to concentrate 
their efforts on the opposite side, or of sufficient width that the fire will 
not attack the buildings on the opposite side. Parks, rivers, and rail- 
road embankments can provide some fire breaks. Solid walls or build- 
ings of fire-resistant construction, or walls with adequate window pro- 
tection, in conjunction with strong fire-fighting forces may provide a 
means of stopping the fire. 


Reduction of Fire Potential 


The fire service should utilize to the fullest extent the invaluable 
information contained in the reports of the National Board of Fire 
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Underwriters on the normal fire hazards of each city. These reports 
identify conflagration areas, based on the peacetime assumption that 
fires will start at one location and spread, dependent on the physical 
arrangement, combustibility and contents of the structures involved. 
The wartime premise, however, contemplates the almost instantane- 
ous ignition of hundreds of fires, in areas which would not be con- 
sidered conflagration areas in a peacetime analysis. This is one of 
the reasons why we are suggesting an extension of the work of the 
National Board in the making of Civil Defense Urban Area Analyses. 

We must understand also that, whether fire storms occur or not. 
we shall have fire situations that will overtax the capacity of any 
possible aggregation of fire companies, and a knowledge of areas of 
greatest hazard will be invaluable in both pre-planning preparations 
and post-attack containment operations. By identifying the most 
hazardous areas we shall know where to put the greatest emphasis on 
fire-prevention measures. Such measures would include reduction in 
the size of large undivided fire areas; installation of sprinkler equip- 
ment with private water-supply and pumping facilities; greater use 
of incombustible roofing materials; provision for exposure protection; 
the elimination of all unnecessary combustible material; bricking up 
windows where feasible; installing wire glass in metal frames with 
outside sprinkler protection; reduction in size of lumber piles and 
greater spacing between piles; clearing areas that are exposed to 
forest and brush fires, and providing compartments and sprinkler 
protection for all inaccessible open spaces under piers and platforms. 

A program should also be completed in each metropolitan area 
for the development of private fire-protection facilities and the or- 
ganization, training and coordination of fire brigades in manufactur- 
ing and other facilities. 

Fire officials should use the urban-area analysis data to deter- 
mine the areas that can be saved, areas that could be saved by ade- 
quate structural changes, if such changes are made now, and the 
areas in which fire fighting would be futile in the event of a mass fire. 
All these factors must be pre-evaluated to pre-plan all locations in 
a city in which a combination of fire breaks, favorable topography, 
superior construction and effective fire fighting can be expected to 
contain this type of fire. 
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Regular Water-Supply System 


The fire service must be thoroughly familiar with the entire 
water-supply system of the metropolitan area. 

The National Board of Fire Underwriters Report on each of our 
larger cities provides full information on the location and capacity 
of intakes, wells, and supply mains; location, arrangement and ca- 
pacity of all pumping stations, reservoirs and storage tanks; the loca- 
tion and sizes of all primary feeder mains, and also the fire flow 
available at many specific locations. 

It is extremely important that the chiefs of all target-city fire 
departments coordinate with the officials of the water departments 
in planning a program for the isolation of areas by closing valves 
on mains leading into the bombed-out areas. Such plans should 
include provisions for water supply as the fire forces advance into 
areas. This will require that valves within the area be closed and 
the outer valves opened. 

Overlays of various-size A-B-C-D bomb-damage circles can be 
placed over the National Board maps of local water-supply systems, 
to evaluate the potential damage at various ground-zero locations. 
The results of such a study will indicate the need for increased facili- 
ties and for greater emphasis on auxiliary water supply. 


High-Pressure System 


In addition to the normal water-supply system, many of our 
large cities are equipped with a separate high-pressure system. These 
systems consist of large mains, large-size hydrants, ample water sup- 
ply and pumping facilities, which are usually separate from the regu- 
lar water-supply system. It is usually possible to provide full capacity 
at a pressure of 300 pounds from the hydrants in the congested high- 
value districts. 

The chief will need to prepare plans for supplying this system 
in the event the high-pressure pumping facilities should be destroyed. 
He should map all locations where emergency connections could be 
used to provide water supply and pressure from fire-department 
pumpers, fire tugs, or portable FCDA water pumps. 

Fire department pumpers cannot travel over heavy rubble. In 
the high-pressure areas the firemen could carry their hose and noz- 
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zles over the rubble and operate from high-pressure hydrants, if this 
system can be kept in operation and fully supplied. 


Auxiliary Water Supplies 


Plans for auxiliary water supply should be based on the proba- 
bility that the regular water-supply system and high-pressure system 
will be put out of action by the attack. 

The fire service will need to know and carefully map the loca- 
tion and capacity of all auxiliary water supplies. Where necessary, 
adequate provisions should be made at all locations to insure the 
availability of this water supply for fire-fighting purposes. The 
FCDA portable 8-in. steel pipe and pumps will be very valuable to 
the fire service if the following plans for close cooperation with the 
water officials are accomplished: 


(a) A survey of the entire auxiliary water supply potential of 
the entire target area should be made and mapped. This 
should include all locations from which adequate emergen- 
cy water supplies may be obtained. 

(b) Coordinated plans should be made for the proper storage, 
prompt transportation and assembly of pipe, and operation 
under all forseeable conditions. This should include plans 
for developing above-ground systems of 8-inch mains into 
areas which may have the regular water mains valved off. 

(c) All locations should also be mapped where heavy peacetime 
fire-fighting requirements would overtax the normal supply. 
The fire chief and water-department officials should develop 
plans for augmenting the supply at all such locations. 


Attack with A-bombs or Conventional Weapons 


It is logical to assume that an enemy would employ weapons 
other than H-bombs in attacks on strategic targets within this coun- 
try. Certain urban areas may be subjected to attacks with A-bombs 
or conventional weapons. Where attacks of this nature were made, 
destructive fires would be the major residual hazard. Our fire de- 
fense must be planned to meet situations of this nature, in addition 
to those resulting from H-bomb attacks. 

In a target area subjected to an H-bomb attack, aiming errors 
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may leave important areas of the city undamaged by blast but ex- 
posed to mass fires. If residual radioactivity is within permissible 
tolerance, prompt fire-fighting operations may prevent destruction of 
important sectors. 

Adjoining our target cities are many residential and business 
communities, manufacturing plants, storage of strategic materials, 
communication and transportation facilities, and other essential in- 
stallations. Both the population and the resources of these areas 
would be exposed to the hazards of fire by direct extension from the 
target city, from sparks and burning brands, and from accidental 
causes, resulting from excitement and confusion following an attack 
of that nature. With adequate water supplies and prompt action of 
sufficient number of fire-fighting units, loss of human life could be 
minimized and valued resources protected. 

Each fire-fighting unit must be equipped with radiological moni- 
toring instruments and have sufficient trained personnel to determine 
and evaluate the hazard of residual radioactivity in its specific area. 
This will apply to all fire-fighting forces, because of the nation-wide 
fallout spread. Fire-fighting activities within areas exposed to radio- 
logical contamination will be governed by the amount of radioactivity. 
Fire-fighting units could render valuable services in fallout areas 


where decontamination by the application of water under pressure 
was feasible. 


Post-ATTACK OPERATIONS 


The fire chief will be faced with the problem created by a core 
of complete destruction at ground zero and a lessening amount of fire 
as the distance from “ground zero” increases. At the outer fringe of 
the burning area there will be other fires developing into area fires 
and small fires threatening to develop into large fires at various loca- 
tions in the fringe area. 

The fire forces will move into action with the fire companies in 
each area performing a continuing radiological monitoring of the loca- 
tion in which the fire fighters will work. The over-all monitoring 
functions will be performed more thoroughly by the civil defense 
teams assigned to A-B-C reconnaissance. The Civil Defense Director 
will keep all service chiefs informed on significant changes in the 
radiological field. 
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The main fire will be attacked at the outer perimeter and ap- 
paratus will be concentrated only at points where specific results can 
be obtained. 

The hundreds of fires which we can expect in the periphery area 
indicate that fire apparatus in such areas will have to be used on a 
knock-down-and-move-on basis. The mopping up and overhaul oper- 
ation can be periormed by one or two wardens or trained civilian fire 
fighters, equipped with hand extinguishers and other small equipment. 
By this method of operation booster-equipped apparatus can hit sev- 
eral separate fires, reload the water tanks, and then continue to attack 
such fires which are beyond the extinguishing capability of wardens 
equipped only with hand extinguishers. 


SUGGESTIONS ON WATER-WoORKS PLANNING FOR CIvIL DEFENSE 


The principal objective of water-works officials should be to pro- 
vide (1) an adequate supply of water for fire fighting and for decon- 
tamination and (2) drinking water for casualties, Civil Defense work- 
ers and evacuees, and later an adequate supply for domestic and 
industrial use. 

In order to plan intelligently, the water-works superintendent 
should be a member of the local Civil Defense organization and should 
act as an advisor to the Chief of Engineering Services in matters per- 
taining to the water works. He should, in the pre-attack period, make 
a survey of the entire water works to determine the weaknesses in the 
system. The hydraulics of the distribution system should be investi- 
gated, to locate possible bottlenecks to fire flows, and necessary cor- 
rections made. Gate valves on the distribution system should be over- 
hauled and placed in good operating condition. A study should be 
made of the treatment process, to determine possible alternative 
emergency measures that could be initiated. A survey should also be 
made to locate potential auxiliary sources of water supply. These 
should be developed with the fact in mind that the demand for fire 
fighting after attack will be many times the normal demand. Key 
points on the distribution system should be located, which might be 
used as alternate points of emergency disinfection. The need for 
standby power generators, water-purification equipment and emer- 
gency portable or mobile chlorinators should be investigated, and suit- 
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able corrective action taken. Special provision should be made to 
supply water to mass care and feeding centers, first-aid stations, and 
emergency hospitals. The demands for these purposes would be small 
compared to the demands for fire fighting, but the water so provided 
must be safe, high-quality drinking water. 

Corrective measures taken as a result of these surveys and studies 
would serve a dual purpose. They would strengthen the water works 
to meet extraordinary demands in disasters and improve its National 
Board of Fire Underwriters rating, which may result in lower insur- 
ance rates. 

The training of employees and volunteers in the operation of the 
water utility will also be important. Existing employees should be 
trained to take key positions in repair crews and on treatment-plant 
and pumping-station operating teams. Auxiliary groups should be or- 
ganized—recruited from contractors’ crews, plumbers, sanitary engi- 
neers and other volunteers. These groups should be trained in the 
emergency repair and operation of water works in time of disaster, 
including the repair of broken water lines, closing of valves to isolate 
devastated areas, operation of standby power-generating equipment, 
use of alternative treatment processes in the existing water-treatment 
plants, and operation of portable water-purification units and porta- 
ble chlorinators. Certain members of the operating teams should also 
be trained in water-sampling techniques, methods of chlorine-residual 
determinations, techniques of water-main sterilization, and methods 
of decontamination of water tanks and containers, used to haul water 
to emergency points of use. 

In this pre-disaster survey thought must also be given to the 
important role existing water laboratories will play in time of emer- 
gency. The need for portable laboratory facilities, properly equipped 
for the detection and identification of biological, chemical and radio- 
logical warfare agents, should be carefully considered. 

These are actions which the water-works superintendent can 
take now in preparing his own organization for disaster. He should 
then develop mutual aid plans with nearby cities and arrange for 
support from the more distant cities. Any target area that has been 
bombed will need help. They will be unable to cope with their water- 
supply problems alone. The mutual aid plans could be automatic. 
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They could be formulated so that certain water-works forces would 
respond immediately after an attack. However, much ground-work and 
training would be necessary before such a plan would work smoothly. 
Water-works employees of the mutual aid and support areas should be 
familiar with the water works of the stricken areas. They should 
have predesignated rendezvous sites and should be equipped to repair 
breaks, close valves or make emergency replacements. Water-works 
personnel are accustomed to meeting emergencies and will be able to 
function effectively after an atomic bombing. The State Civil De- 
fense office should be requested to assist in the formulation of mutual 
aid and support plans. 

These are suggestions of what can be done by water-works people 
in the pre-attack period. Any advance planning and corrective action 
taken before the attack will place the water works in a much better 
position to recover after attack and to meet the greater demands for 
water for fire fighting and later for domestic and industrial use. The 
Federal government places the responsibility for Civil Defense at 
the State and local level. The Federal Civil Defense Administration 
has the responsibility of providing guidance and assistance to the 
States and their political sub-divisions in preparing for Civil Defense. 
As a part of the plan to assist States and municipalities, Federal funds 
are available to FCDA, to be used on a fifty-fifty matching basis for 
the procurement of engineering equipment and supplies. This is 
called the FCDA Contributions Program. 

The objectives of the FCDA engineering-equipment contribu- 
tions program are to assist States and their political sub-divisions in 
establishing engineering resources required for Civil Defense activi- 
ties and to make facilities available for trainng an adequate Civil 
Defense engineering force. 

For the fiscal year 1955, FCDA participated in the procurement 
of engineering equipment and supplies only on a matching fund basis 
and will continue this program through fiscal years 1956 and 1957. 
Requests for such assistance must be initiated at the State or local 
level. 
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MEMOIR OF LANGDON PEARSE 


Langdon Pearse, the son of John Barnard and Mary Langdon 
(Williams) Pearse, was born in Boston, Mass., on November 12, 
1877. His preparatory education was in Roxbury Latin School up 
to 1895. He received the degree of A.B. from Harvard College in 
1899. From Massachusetts Institute of Technology, he received the 
degrees of B.S. in Civil Engineering in 1901 and MS. in “Studies in 
Sanitary Science and Advanced Structures” in 1902. 


His early experience consisted of several positions on water- 
supply projects in New England and New York. From 1904 to 1907, 
he was assistant engineer on water works and sewage works for 
Columbus, O. In 1907-1908, he was assistant engineer for Peoples 
Water Co. of Oakland, Cal. 


In February, 1909, he was employed by The Sanitary District of 
Chicago (now The Metropolitan Sanitary District of Greater Chica- 
go) as Assistant Engineer, became Division Engineer later, and from 
1921 to the time of his death on July 20, 1956, was Sanitary Engi- 
neer. Mr. Pearse’s primary assignment with the Sanitary District 
was to develop means of artificial sewage treatment to supplement the 
dilution method, which had been in use since completion of the Chi- 
cago Sanitary and Ship Canal and reversal of the Chicago River in 
1900. There were meager data on large-scale sewage treatment at 
the time; the activated-sludge process had not been developed. Under 
Mr. Pearse’s direction, pilot treatment plants of various types were 
operated on domestic sewage, packinghouse wastes, tannery wastes, 
corn-products refinery wastes, and paint wastes, up to 1928. These 
pilot plants included much pioneering in the activated-sludge process. 
The designs of the Sanitary District’s great sewage-treatment works, 
including the world’s largest, were based largely on data obtained from 
the pilot plants. Mr. Pearse was an avid collector of data, from any 
available source in the world, in addition to the investigations under 
his direction. Prior to 1925, he was also in charge of treatment-plant 
design. Also, Mr. Pearse handled the sanitary engineering aspects 


338 
f 
+ 
7 
5 » 
5 
Tee 
7 5 
7 
i, 


MEMOIR OF LANGDON PEARSE 339 


of the Lake Diversion question, which has been intermittently before 
the United States Supreme Court from 1922 to 1950, and the Con- 
gress from 1918 to date. 

In addition to his work for the Sanitary District, Mr. Pearse 
was a prolific writer of articles for technical publications and was 
active in committee work of the professional societies. He served for 
10 years as Chairman of the Committee on Sewerage and Sewage 
Treatment of the American Society of Civil Engineers, and for 20 
years as Chairman of the Committee on Sewage Treatment of the 
American Public Health Association. Also, he was one of the founders 
of the Federation of Sewage and Industrial Wastes Associations, 
chairman of several of its committees, and a continuous adviser. 

Mr. Pearse was a member of many learned and professional so- 
cieties, including American Society of Civil Engineers, American In- 
stitute of Consulting Engineers, Institute of Civil Engineers (Eng- 
land), Institute of Sanitary Engineers (England), The Engineering 
Institute of Canada, Western Society of Engineers, American Public 
Health Association, New England Water Works Association (since 
1912), American Water Works Association, Federation of Sewage 
and Industrial Wastes Associations, American Academy of Arts and 
Sciences, and Phi Beta Kappa. Also, he was a member of the Univer- 
sity Club (Chicago) and Indian Hill Club. 

Langdon Pearse was an outstanding example of a gentleman 
with independent means, who might have indulged in a life of ease 
and pleasure but, instead, worked assiduously in a creative field for 
the benefit of mankind. 

On June 1, 1910, he was married to Eleanor Howard Dean. He 
is survived by his widow. 


NorvaAL E. ANDERSON AND H. P. RAMEY 
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RAINFALL IN RHODE ISLAND 


REPORT OF COMMITTEE ON RAINFALL AND YIELD 
OF DRAINAGE AREAS 


RAINFALL IN NEW ENGLAND* 
Part V. 


5 yrs. 3.96 3.95 


Year Jan. Feb. Mar. 
1942 4.03 2.52 ~ 6.20 
1943 2.90 1.95 3.38 
1944 3.04 1.64 5.19 
1945 3.46 5.16 1.61 
1946 4.50 2.44 1.88 
1947 3.54 1.66 3.37 
1948 5.54 3.19 4.75 
1949 4.94 6.30 3.55 
1950 
73 yrs. 3.77 3.47 3.82 


4.30 


4.98 


AUSTIN, R. L 
Record: October, 1940, to December, 1950 

Jan. Feb Ma r. Apr. May . J ‘une Aug. Sept. Oct. Nov. Dec. Annual 
1941 2.85 3.07 2.37 1.63 5.85 4.70 5.35 2.51 0.89 2.15 3.97 3.74 39.08 
1942 3.48 5.10 8.24 0.90 1.56 2.51 5.34 5.02 2.34 3.65 4.25 4.35 46.74 
1943 3.20 1.72 — 3.00 5.56 -- 3.80 2.82 0.52 6.51 5.00 1.44 — 
1944 2.52 — 687 3.57 1.61 4.64 0.70 236 986 235 12.64 3.63 — 
1945 — 4.28 2.00 3.12 4.54 4.37 1.18 3.40 2.19 2.83 10.11 7.04 -- 
1946 4.36 3.48 1.79 2.20 4.46 %.29 2.12 12.24 1.01 2.30 0.77 --- _ 
1947 3.64 1.54 4.29 3.78 5.18 3.60 2.78 — 248 3.70 6.47 3.23 

1948 5.54 2.62 4.02 4.29 10.12 3.74 2.95 1.04 0.44 3.89 5.29 2.25 46.19 
1949 4.37 4.13 2.83 5.94 349 0.00 1.91 3.12 5.11 1.86 3841 2.94 39.11 
1950 3. 56 4.8 84 02 A. 52 3. 87 _2. 72 2. 4. .97 2.70 7.79 4.42 46.94 


BLOCK ISLAND, R. I.—Elevation 26 feet 
: January, 1878, to December, 1950 


Record: 


Apr. 
0.85 

3.33 
2.43 
2.38 


4.67 
3.42 
2.67 _ 


3.54 


5.86 


_May 
1.73 
2.36 
1.26 
4.39 
4.19 
3.71 
8.37 
2.93 
3.33 


5.27 


Record : 

Year Jan. _Mar. Apr. 
1930 3.03 3.11 2.28 1.18 
1931 3.63 1.78 4.67 2.62 
1932 4.88 1.55 4.82 1.23 
1933 1.70 3.22 4.24 6.99 
1934 3.65 2.89 2.75 4.59 
1935 5.03 2.69 1.54 1.95 
1936 5.98 3.16 7.26 2.38 
1937 3.90 1.76 1.75 5.00 
1938 3.60 1.92 2.13 3.12 
1939 2.58 4.51 5.20 5.18 
1940 2.31 3.10 2.49 
1941 2.62 1.87 1.52 1.33 

2.15 3.85 0.43 


BRISTOL, R. L. 


3.25 


(Bristol County Water Co.) 


June July y Aug. Sept. Oct. Nov. Dec. Annual 
1.64 2.73 5.70 1.85 3.60 4.46 5.36 40.67 
1.59 4.01 2.42 1.65 2.53 2.92 2.07 31.11 
2.94 0.42 2.06 3.66 1.89 9.73 3.14 40.02 
1.88 , 2.30 2.00 0.84 2.31 6.84 6.29 39.51 

1.54 8.08 1.90 0.22 0.86 3.23 34.02 
3.32 4.73 0.69 2.80 3.28 3.67 3.04 39.67 
2.50 2.27 0.98 1.01 3.28 4.33 2.59 43.50 

T 0.96 3.71 1.53 0.92 3.18 3.54 34.98 
1 2.62 0.40 1.14 3.91 2.99 32.01 
(2.74 286 348 2.79 3.30 3.59 3.70 40.31 


; January, 1930, to December, 1942 


“May 
2.34 
4.79 
2.44 
2.78 
__ 2.99 
~ 1.90 
0.88 
2.55 
3.54 
0.60 


3.23 


4.93 


_ June July __ Aug. Sept. Oct. Nov. Dec. Annual 
1.86 2.24 3.53 0.84 $.58 3.77 2.01 29.77. 
4.43 3.84 3.27 1.61 3.50 1.01 3.30 38.45 
2.47 2.21 4.59 5.74 5.56 5.51 1.48 42.48 
2.79 1.39 3.60 8.31 2.61 1.78 2.93 42.34 

3.58 0.79 2.74 3.12 8.11 3.25 2.13 35.54 
4.59 2.62 1.96 3.02 0.72 4.48 0.95 31.45 

8.01 1.99 4.54 4.95 3.19 1.08 10.59 49.01 
4.46 0.71 4.33 2.71 3.79 6.07 3.44 4047 
6.77 6.12 3.96 6.52 2.78 2.53 3.20 46.19 
3.79 1.45 4.03 2.73 4.38 0.66 2.74 37.85 
1.56 5.41 0.82 3.40 2.16 7.20 2.61 41.26 
4.89 4.10 2.57 0.70 1.93 


2.59 


3.42 


3.17 


2.67 


3.52 


2.81 


* Continued from this JOURNAL 70:2, 216, June, 1956. 
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3.69 __ 5.94 1.61 3.85 4.60 3.01 35.12 
Av. 
13 yrs. 3.50 3.53) 5.48 3.39 3.15 38.42 


Jan. 


5.22 
3.66 
1.84 
3.52 
4.80 


3.13 
10.19 
4.33 
3.80 


421 __ 8.78 


I. 


_ duly 


8.27 


3.17 
5.87 


3.68 


1.23 


__ 2.09 


GREENVILLE, R. I. 
Record : i: January, 1940, to December, 1950 


July 


4.35 
6.57 
5.85 
3.91 
1.32 


3.32 
2.91 
3.61 
6.17 
__ 0.93 


3.71 


_Suly _ 


4.51 
2.28 
0.84 
2.11 
1.60 


4.41 
0.96 
__ 0.89 


2.85, 


KINGSTON, R. L- 
Record : : January, 1889, to December, 1950 


4.79 


3.20 


1.22 
2.04 


1.87 
1.89 
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FOSTER, R. I. (Hopkins Mills, Providence Water Works)—Elevation 450 
Record : Seats 1916, to December, 1950 


Aug. 
4.30 
2.18 


9.72 


3.53 
8.16 


_ Aug. a 
2.00 

2.24 
4.6) 
1.89 


3.41 


11.85 


2.80 
2.86 
3.46 


(Neutaconkamut Res., Providence Water Supply) 
ecord: February, 1929, to December, 


Aug. 
4.55 
1.06 
1.42 
2.90 


12.90 


3.29 
3.44 
3.72 
5.51 


3.74 


Elevation 250 feet 


__ Aug. 


6.00 
2.63 


3.83 


11.12 


1.62 


0.79 
2.51 
_2. 94 


4.17 


| 


| 
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feet 
Year Dee. Annual 
: 1942 3.14 8.72 0.74 3.37 3.63 5.14 168 4.59 5.06 7.35 52.94 ; . 
1943 2.17 3.92 3.88 3.88 1.78 2.94 1.17 6.52 4.35 1.41 37.86 . 
: 1944 2.39 6.12 4.37 141 4.05 2.19 2.01 10.77 2.45 7.78 4.01 48.39 
; 1945 6.60 2.05 3.82 6522 432 HMM 2.93 2.73 2.29 9.32 8.51 54.58 P 
1946 4.20 1.55 2.21 4.82 3.28 | 5.97) 0.38) 1.55 4.01 44.76— 
1947 4.19 3.79 5.53 3.78 3.90 2.32 4.78 2.47 6.28 5.54 51.58 
yea 1948 2.98 440 3.99 9.58 4.58 nm 1.48 4.23 7.04 3.69 59.32 
1949 4.11 2.81 4.19 4.33 0.12 3.77 2.53 3.24 3.11 41.93 
1950 4.61 3.85 3.60 4.03 2.94 1-68) 2.47) 6.92) 4.58 45.42 
35 yrs. (4.27) 4.06) 3.73) 3.90 84.12 4.50 4.17 3.28 4.57 3.96 48.50_ 
; Year Jan. Feb. Mar. Apr. May June [i ept. Oct. Nov. Dec. Annual ae 
1940 2.86 2.86 4.16 5.87 6.13 4.38 2.76 2.06 7.60 2.12 47.11 ; 
: 1941 2.66 2.46 3.10 1.26 3.36 3.52 1.47 1.52 4.21 4.15 36.52 
1942 3.49 4.29 7.32 0.74 3.38 4.88 2.02 4.06 5.84 6.00 52.48 y 
1943 3.40 1.62 3.14 3.84 4.18 2.10 137 7.17 3.93 1.66 38.21 
1944 145 2.04 4.92 4.99 1.03 4.12 2.91 8.95 3.24 45.91 4 
a 1945 3.28 3.71 2.30 3.61 6.34 65.61 Mm 862.75 «42.41 8.88 6.89 52.51 
1946 3.69 2.68 1.70 2.71 65.45 4.10 863.44 «40.44 1.63 3.46 44.06 
7 1947 2.57 2.09 2.99 549 4.88 4.63 §.87 2.99 7.08 3.20 48.20 
1948 5.31 149 3.65 4.40 9.97 4.40 2.05 5.36 8.08 2.43 56.17 a 
1949 3.67 2.07 2.66 4.08 4.09 0.25 3.04 2.59 3.80 2.31 34.95 
1950 3.17 3.70 4.37 3.80 3.40 3.65 2.39 2.37 7.95 4.93 48.05— 
11_yrs. 8.23 2.63 3.66 3.71 (4.75 3.51 MMM 3.88 3.54 3.08 6.18 3.67 45.55_ $ 
cing Year Jan. Feb. Mar. Apr. May June 3 Bept. Oct. Nov. Dee. Annual 
— 1942 3.10 3.18 7.01 0.79 1.90 3.25 .73 3.37 4.85 5.74 43.98 
1943 3.05 1.62 2.98 3.76 4.23 2.31 38 5.41 2.34 1.15 31.57 
1944 1.79 194 4.18 4.02 1.27 3.70 19.47 3.37 7.77 2.99 44.71 
1945 2.10 5.35 1.91 2.67 3.85 4.69 88 2.34 7.07 7.59 45.46 4 
1946 3.22 3.17 (1.53 2.29 4.19 2.89 95 0.37 0.96 3.71 38.78 
1947 2.92 147 3.11 4.95 3.30 4.10 15 «3.15 5.34 2.80 41.22 
1948 7.11 1.76 3.65 3.99 9.25 4.13 80 496 5.70 2.25 52.45 
1949 4.02 3.64 1.89 5.85 3.58 0.07 a 19 2.29 3.67 1.95 34.83 
1950 3.27 4.18 3.85 3.14 3.05 1.99 195 2.88 7.60 4.54 42.85 
21_yrs. 2.98 4.10 3.72 3.47 3.55 MMM 3.80 3.12 4.23 3.54 42.83, 
Year Jan. Feb. Mar. Apr. May _June_ July Sept. Oct. Nov. Dee. ‘Annual 
1942 3.61 4.60 7.10 0.72 1.72 2.65 2 2.21 4.27 5.19 48.71 
1943 343 2.10 2.60 3.33 3.61 1.40 2.69 1.20 4.57 2.66 31.76 
s 1944 2.038 1.82 65.61 8.32 0.76 2.10 0.67 1.82 6.10 2.46 9.90 , 39.48 
1945 3.14 3.18 2.28 2.59 486 2.84 1.25 2.33 8.16 42.85 
1946 447 2.60 1.73 2.58 4.77 2.83 2.24 «(0.57 39.24 
1947 3.41 0.67 3.338 5.26 442 M235 612 (mo 41.68 
io 1948 5.79 2.77 443 4.20 8.61 2.37 0.96 4.22 4.52 0 42.73 , 
Bi, 1949 5.22 4.39 2.58 4.57 2.63 0.04 4.02 1.60 3.40 0 35.85 ‘ ‘ 
1950 3.55 3.97 3.46 2.14 3.02 2.00 1.28 1.56 6.76 25.41 
62_yrs. 4.64 4.05 455 438 3.84 3.33 4.44 48.44 


RAINFALL IN NEW ENGLAND 


NEWPORT, R. I. (Main Pumping Sta., Newport Water Works) 
Record: January, 1901, to December, 1950 
Feb. Mar. Apr. Ma: July Au 
0.52 7.11 
3.50 5.75 
4.60 8.09 
3.12 1.63 
1.50 2.70 
3.94 5.94 


4.04 1.79 
1.59 2.50 
3.00 8.17 
3.64 3.69 
2.23 4.43 
1915 10.02 3.67 0.11 38 
1916 1.36 
2.98 


3.85 
3.76 


ID 


4. 
2. 
2. 
2. 
5. 
4. 
2. 
3. 
2. 
2. 
3. 
3. 


1 
7 
7 
1 
3 
6 
1 
6 
3 
7 
6 
2 
4 
3 
1 


~~ 
| Go be 


go 90 90 

= 


3.16 
2.24 


6.30 


3.51 
2.74 


4.22 2.72 
3.39 7.79 
2.10 3.14 
0.42 1.81 
1.03 3.59 


1.31 10.92 
3.82 6 


AC 


1.67 
3.88 2.39 1.73 
1.86 
3.23 
3.81 
2.60 
4.40 


wes 


ASS 


2s 


Dinto nis 


3.85 


to 


NEWPORT, R. I. (Lawton Valley Sta. Newport Water Works) 
Record: April, 1944, to December, 1950 

fay . July Aug. | 

0.43 1.27 

1.43 3.86 

1.72 12.47 

3.76 4.06 3.63 3.37 


41.42 
9.36 2.78 1.75 1.13 43.66 


3.45 0.07 1.57 1.85 i 35.24 
2.98 2.51 1.50 3.03 0. 38.64 


Annual 


42.90 
40.07 


~2 Dio 


467 2.52 1.93 4.28 40.30 


342 
1901 2.08 72 8.36 49.28 
1902 1.55 12 5.59 39.13 
1903 3.49 30 62.93 42.93 
1904 2.74 .42 2.89 39.04 
1905 2.83 .69 3.60 39.34 th 
1906 3.27 (84 3.35 47.47 
; 1907 3.74 1.83 1.83 3.49 5.03 65 0.65 0.93 8.03 2.29 5.19 4.71 39.37 E 
1908 2.57 3.27 1.61 1.04 3.67 82 1.85 6.44 0.81 5.74 1.26 4.18 35.26 
977 691 3.52 00 «0.82 1.98 3.06 1.74 3.58 2.26 37.72 
2.87 2.62 247 2.92 1.78 8.93 2.40 34.52 
1.17 4.08 6.70 2.65 2.92 7.25 3.61 41.86 
4.29 1.20 3.37 2.51 1.27 3.19 6.45 41.08 es 
2.54 1.26 3.77 2.68 7.87 2.40 4.29 46.19 i's 
3.10 5.33 3.42 0.73 3.27 2.15 5.10 37.80 w 
_ 181 624 145 4.96 2.08 4.62 41.16 
1.82 940 2.93 1.10 2.38 2.95 2.51 41.67 
4.36 1.23 3.40 3.49 4.84 0.33 1.74 38.91 
' 1918 Mm 463.07 2.24 4.58 1.95 2.31 3.00 3.54 0.91 1.87 2.61 33.18 Be 
i 1919 3.81 3.89 3.21 3.87 7.68 7.00 5.85 1.75 3.52 2.98 51.27 
i 1920 8.09 5.04 6.20 4.92 2.00 1.93 2.16 2.82 3.02 3.99 49.62 
; 1921 1.55 3.50 4.57 299 5.69 2.92 1.20 1.60 7.74 2.17 39.40 
1922 3.49 4.76 2.99 2.66 9.47 1.20 3.40 0.37 3.94 41.71 
1923 1.56 5.33 5.35 2.16 2.07 3.02 4.69 2.25 5.93 43.00 ri 
1924 2.46 2.42 4.40 1.13 7.49 4.63 0.81 1.99 2.81 36.37 
4 1925 1.91 3.387 2.07 3.19 1.72 4.51 5.27 3.75 3.17 38.70 
1926 4.33 3.46 2.15 3.71 «30 1.24 6.27 5.64 2.66 44.32 ‘ 
1927 2.69 1.95 2.23 5.10 11.50 4.86 4.81 4.04 5.47 52.80 7 
1928 8.68 5.80 4.39 1.78 6.34 3.29 2.75 3.41 45.98 z 
1929 5.56 8.95 2.12 5.37 4.86 2.63 3.93 6.37 52.05 aa 
1930 244 1.89 _8.11 3.11 0.85 5.05 5.18 3.36 37.68 
1931 3 2.76 6.12 2.96 3.38 3.95 1.50 4.01 1.02 38.95 43.67 Bi 
1932 6 2.20 5.23 1.37 1.44 3.80 644 5.26 6.06 2.28 45.08 , 
1933 2 3.60 7.01 1.22 4.36 9.01 2.00 2.92 2.82 45.73 7 
1934 3 3.36 3.92 1.46 2.01 2.10 3.59 2.13 3.24 34.49 : 
1935 5 3.01 ME 3.88 3.09 2.72 5.25 1.60 5.30 1.07 39.32 es 
1936 5 2.68 3.03 00 47.56 
1937 4 1.11 4.35 5.08 66 41.83 a 
1938 3 2.17 2.67 3.61 44.36 os 
es 1939 3 5.74 4.34 38.39 
q 1940 2 4.96 6.2 41.94 < 
1941 32.09 
| 1942 44.13 | 
| 1943 28.60 
1944 37.66 
; 1945 40.45 
1946 37.11 
1947 38.15 
4 1948 41.56 
1949 $2.85 
1950 34.68 
ray 
50 yrs. 3.65 3.14 MM 3.90 3.16 3.16 267 339 ES 40.97 
1944 — A5 
1945 2.49 | 76 
1946 4.32 10 
1947 3.58 
1948 5.08 2.57 3.67 3.60 
1949 4.71 3.76 3.08 17.24 
1950 4.87 4.20 4.10 2.82 
Av. 3 
6 yrs. 4.18 2.52 2.95 4.14 
7 4 


PAWTUCKET, R. L. 


Year Jan 
1942 5.23 
1943 4.63 
1944 1.68 
1945 4.96 
1946 2.46 


3.02 7.70 
0.93 3.15 
2.85 4.47 
5.13 0.82 
3.28 


1.88 2.47 
3.54 
2.78 


Year Jan 
1942 3.63 
1943 4.04 
1944 2.09 
1945 4.47 
1946 3.51. 
1947 2.42 
1948 5.73 
1949 3.57 
1950 4 3.79 


Year Jan 
1942 3.98 
1943 4.07 
1944 2.58 
1945 4.08 
1946 3.63 
1947 2.85 
1948 6.15 


1944 
1945 


PAWTUCKET, R. 


3.52 


Feb. Mar. Apr. 


0.75 
3.67 
3.86 
3.08 
2.04 
3.34 
3.52 
4.85 
2.86 


I. (City Hall 
; Record : January, 1901, to December, 1950 


July 


May June 
1.31 3.70 
3.74 1.97 
0.85 4.30 
3.90 6.70 
4.08 2.94 
5.26 3.89 
8.00 3.03 
4.09 0.15 
2.37 1.97 


3.39 


Feb. Mar. Apr. May June 
3.42 6.34 0.93 2.26 4.19 
1.26 3.59 3.51 3.96 2.44 
2.36 3.92 4.36 5.26 
4.56 1.86 2.61 6.31 
3.24 1.40 2.43 2.94 
1.47 2.87 4.26 4.59 
1.91 3.83 2.69 3.85 
4.14 3.22 5.13 0.13 
4.69 3.63 2.98 


3.54 4.03 3.81 3.24 


3 2.4 


PROVIDENCE, R. I. 


_ Fe. Mar. Apr. 
3.84 7.98 0.72 
1.61 3.74 38.72 
2.52 5.00 3.82 
4.26 2.21 2.57 
3.55 1.49 
1.83 3.36 4.91 
2.34 3.73 3.71 


PROVIDENCE, R. I. (Airport) 
_Record: December, 1940, to December, 1950 


Apr. 


1.62 
0.61 
3.66 
3.84 


2.54 
1.84 
5.41 
3.86 
4.85 


_3.12 


$_3.79 2.02 2.51 2.02 


July 
6.28 
3.94 
1.05 
3.81 
1.10 
4.84 
6.47 
0.71 
1.39 


3.67 


1.15 
4.92 
5.24 


RAINFALL IN NEW ENGLAND 


(Diamond Hill Reservoir, Bd. of Public 


Aug. 


Aug. 


(U. S. Weather Bureau) 
Record: January, 1905, to December, 1950 


_May June 
1.77 3.44 
3.34 1.88 
1.86 4.16 
4.25 3.97 

_ 3.99 2.91 
3.73 3.93 
9.25 3.50 


May June 
2.29 5.96 
1.53 2.05 
4.18 1.68 
1.28 3.09 
3.96 3.78 
4.46 2.7 
3.57 4.13 
10.58 2.73 
2.72 0.05 


_ 3.70 2.83 


July 


July 


5.56 
5.27 
2.03 
0.62 
1.24 
1.21 
4.05 
4.98 
1.56 


1.42 


2.79 


Aug. 
4.54 


Aug. 


coe 


Sept. 


Formerly Masonic Bldg.) 


Sept. 
1.88 
0.90 


1.74 
2.80 
2.26 


3.20 


Elevation 


Sept. 
1.68 


Sept. 


0.89 


Works) 
Record: January, 1901, to December, 1950 


Oct. 


Elevat 


Oct. 


3.60 
2.63 
0.20 
2.06 
4.92 
2.16 
2.88 


3.60 3.64 3.77 3.60 3.14 


Oct. 


Oct. 


1.50 


Elevation 220 


Nov. Dec. 
3.13 4.68 
2.61 1.03 
6.12 3.46 


ion 140 feet 


Nov. Dee 
5.39 5.49 
2.32 1.09 
6.75 3.01 
8.58 7.68 
0.50 3.67 
5.34 3.62 

1.98 
3.96 1.61 
5.44 4.31 
3.53 3.93 


182 feet 


Nov. Dec. 
5.03 6.39 
9 


343 


feet 


Annual! 
43.09 
33.50 
41.87 
51.12 
34.33 
38.33 
§2.21 
31.66 
38.25 


43.13 


Annual 


46.65 
32.00 
43.74 
50.63 
35.46 
42.66 
47.67 
$3.63 
43.03 


43.80 


47.02 


Annual 


¥. 
i 
= = 4 
2.82 1.75 3.72 ¥ 
1.88 0.68 5.27 
1.04 9.22 2.97 i 
“By 3.20 2.90 2.21 6.32 8 
9.33 2.68 0.34 113 3.4 A ' 
1947 2.26 1.17 3.14 1.80 5.70 2.58 
1948 5.23 4.72 1.54 4.89 6.11 3.04 is 
1949 3.01 2.38 5.01 2.00 2.95 1.89 -_— 
1950 3.63 4.79 4.23 0.80 1.50 7.38 3.81 
= 
50 yrs. 3.88 3.47 4.10 3.84 3.23 MMM 3.49 3.53 3.12 3.58 3.83 
4.77 5.12 3.23 
é 2.30 1.28 5.31 
1.22 0.88 9.49 
2.44 2.91 2.76 ae 
10.23 a 
2.22 
0.93 1.93 220 
39 
yrs, 3.96 j 
| 
4.56 3.09 ng 
1.97 0.82 1.24 439 30.25 ; 
7, 0.96 9.74 3.33 7.52 45.25 \ 
: 1.98 187 2.29 8.50 46.43 
1.25 1 1.70 0.16 0.67 37.68 
4.71 2.96 2.27 65.42 41.71 
5.13 2.36 4.85 5.00 50.47 
a 1949 4.23 3.66 2.32 5.17 3.47 0.04 0.96 3.42 1.98 3.27 33.61 
1950 3.73444 3.84 215 1.97 0.98 5.66 188 2.77 6.89 41.46 
46 yrs. 3.60 2.96 340 335 3.05 3.07 3.12 347 3.20 2.78 3.33 3.43 38.76 Bes 
Year Jan. Feb. Nov. Dec. 
1940 - — — 2.34 
1941 2.93 2.08 2.18 2 -3.4.19 
: 1942 3.98 3.84 7.56 4 1.78 3.31 4.99 5.77 45.48 , 
= 1943 4.05 1.77 3.23 2 1.06 4.84 2.62 1.24 32.39 
__ 2.38 2.17 5.25 2 7.95 3.28 7.66 3.03 42.72 
, 3.00 3.51 2.00 2 163 2.45 8.00 7.03 41.56 
oe 1946 3.38 3.24 1.60 2 187 0.33 0.68 3.68 37.83 ; 
ms 1947 2.95 1.01 3.74 l 3.90 3.39 5.95 2.99 43.00 : 
1948 6.00 2.21 3.50 2 141 4.14 4.65 2.34 49.23 ; 
1949 4.35 3.48 1.97 4 4.85 2.11 2.96 2.02 35.65 
10 yrs. 2.74 2814.74 3.57 40.15 


RAINFALL IN NEW ENGLAND 


SCITUATE, R. I. (Fiskville—Formerly Cranston)—Elevation 260 feet 
Record: March, 1916, to December, 1950 


Year Jan. Feb. Mar. Apr. May June July Aug. Sept. ( Oct. Nov. Dec. Annual 
1942 5.24 3.99 8.52 0.97 1.64 3.63 5.74 4.49 2.02 3.20 5.06 7.39 51.89 
1943 3.90 1.49 3.62 4.06 4.28 1.60 2.13 2.82 1.58 5.92 3.36 1.09 35.85 
1944 1.77 2.57 5.31 4.45 1.82 3.25 1.72 3.39 10.26 2.96 9.54 4.80 50.84 
1945 3.70 5.96 2.10 4.24 5.12 5.48 2.87 2.90 2.80 2.37 9.12 7.93 54.59 
1946 5.01 4.17 0.79 2.86 4.90 3.35 __ 2. 13 _ 13.23 2.93 0.53 1.36 4.10 _ 45. 36 
1947 2.73 2.11 4.06 5.82 3.23 4.13 4.19 4.27 2.79 4.72 6.10 4.10 48.30° 
1948 7.84 2.77 4.37 4.22 9.57 4.06 4.70 3.09 1.55 5.54 6.15 3.23 57.09 
1949 4.63 3.37 2.18 6.04 3.90 0.07 1.68 5.75 3.65 2.17 3.70 2.91 40.05 
1950 3.57 4.41 4.45 3.36 2.89 2.57 1.60 4.70 1.99 2.56 7.62 4.68 44.40 


34 yrs. 4.26 38.58 4.26 4.18 3.51 3.70 3.81 4.32 3.81 3.26 4.61 4.01 46.81 


SCITUATE, R. I. (Rocky Hill)—Elevation 440 feet 
Record: January, 1916, to December, 195 O- 


May June July. Aug. _ Sept. Oct. “Nov. Dec. A ‘Annual 


| 
= 
> 


| 
| 


1942 4.79 2.89 843 0.98 3.38 6.01 5.47 4.68 1.90 4.54 5.35 6.34 53.76 
1943 3.39 2.09 3.78 3.46 3.97 2.09 4.58 1.93 1.02 5.60 4.05 1.14 37.10 
1944 1.71 2.61 5.12 3.93 1.23 4.57 1.81 1.39 8.31 3.12 8.09 4.11 46.00 
1945 3.17 6.33 2.52 3.42 5.59 5.10 3.08 3.32 2.83 2.29 8.24 6.34 652.28 
1946 3.74 3.66 152 2.80 5.02 3.45 2.69 11.57 4.19 0.42 1.34 4.07 44.47 
1947 3.15 2.29 3.61 4.65 3.62 4.85 5.76 2.35 5.36 3.17 6.45 3.19 48.45 
1948 5.52 2.37 3.97 3.89 9.33 444 4.19 3.50 2.41 5.10 8.12 3.70 56.54 
1949 4.43 3.80 2.36 4.15 4.32 0.17 1.10 6.78 3.80 2.58 3.61 2.68 39.78 
1950 3.84 3.2 


4.75 3.66 3.51 323 3.26 2:37 5.63 213 2.07 7.70 4.78 46.88 


35 yrs. 3.90 3849 3.97 3. $1 3.64 4.02 3.91 444 3.89 3.13 443 3.61 46.24 


SCITUATE, R. L. (North Scituate) 
__Record : January, 1926, to December, 1950 


Year Jan. __ Feb. _ Mar. Ra "Mae May June July _ Aug. Sept. Oct. Nov. Dec. Annual 
1942 4.97 3.1 13 9.95 1.08 2.83 4.42 5.28 4.47 2.07 4.64 5.66 6.43 52.88 
1943 3.60 1.71 3.81 4.95 4.22 2.11 3.80 1.88 1.79 6.61 3.73 1.15 39.36 
1944 1.56 2.62 4.89 4.53 1.28 3.81 1.77 2.45 12.17 3.06 9.04 4.66 51.84 
1945 3.68 5.93 1.91 3.52 5.25 5.25 2.79 3.13 2.76 2.33 10.00 7.81 54.36 
1946 3.52 3.81 1.32 2.49 5.46 3.47 2.89 12.75 3.59 0.58 1.48 4.06 45.42 
1947 2.74 2.17 4.62 5.50 3.39 3.96 3.90 2.98 3.55 3.42 6.30 3.82 46.35 
1948 7.98 2.70 4.48 4.21 10.00 4.24 3.52 2.99 1.32 5.18 8.07 3.64 58.33 
1949 4.27 3.30 2.66 4.89 4.04 0.07 0.98 65.39 3.24 2.17 3.58 2.83 37.37 
1950 3.70 4.73 4. 53 02 _ 3.78 3.32 1.59 4.86 2.39 2.07 7.04 4.50 46.53 


Vv. 
25 yrs. 4.20 3.75 4.87 4.02 3.56 3.91 3.55 4.55 4.16 3.47 5.13 4.04 48.71 


SCITUATE, R. IL. (Westcott) 
Record : August, 1928, to December, 1950 


Year Jan. Feb. Mar. Apr. May July Aug. Sept. Oct. Nov. Dec. Annua! 
1942 5.05 3.57 8.39 0.81 2.71 98.51 5.24 3.82 1.80 9.92 6.44 5.48 50.74 
1943 3.72 1.98 3.37 3.48 3.96 2.11 3.48 2.49 1.24 6.39 2.50 1.22 35.94 
1944 1.89 2.63 65.14 3.91 1.37 3.25 1.88 1.71 11.738 2.62 8.47 4.81 49.26 
1945 3.72 4.84 1.88 3.16 4.56 65.66 2.50 2.94 2.34 2.06 888 7.28 49.82 
1946 3.40 3.64 1.24 2.36 4.98 3.23 2.54 12.15 3.69 0.49 1.34 3.77 42.83 
1947 2.72 2.81 2.76 5.56 2.92 3.82 6.00 3.08 3.68 3.85 5.81 3.89 45.75 
1948 6.05 2.60 4.57 4.21 8.73 8.91 3.20 2.80 1.25 4.89 7.86 3.29 53.36 
1949 4.34 3.24 2.61 4.90 4.09 0.06 1.16 5.58 3.18 2.16 3.88 2.80 38.00 
1950 8.65 4.78 4.10 4.21 3.58 2.79 1.10 4.75 1.87 2.31 748 4.87 45.49 


3.66 4.38 4, 


8.38 4.20 4.13 3.15 4.80 3.81 47.12 


- 
344 
x 
22 “yrs. 4.28 023.57 3.75 
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SCITUATE, R. IL. (Gainer Dam—Formerly Kent) 
Record : ; January, 1926, to December, 1950 


Year 


1942 
1943 
1944 
1945 
1946 


1947 


Jan. 


3.14 1.5: 
5.98 
4.52 


3.39 


2.19 
3.64 


4.21 


Mar. 
&. 


4.47 
3.87 
1.91 
3.82 


8.57 4.08 


Apr. 
0.91 
3.75 


2. 00 
“6.74 
3.55 
5.10 


3.04 


May June 


1.73 
3.34 
1.48 
3.83 
4.33 


3.13 


9.15 
3.35 
2.95 


4.04 


4.73 
3.77 


3.06 
0.70 
3.48 


“7.622 
3.26 


6.51 
1.83 


2.28 


4.03 


__3.29 


_3Al 


July 


SLOCUM, R. 


_May 
2.67 
1.31 
5.18 
__1.20 
_ 3.30 


_ June 
2.33 
6.40 
2.34 
2.07 
__ 8.02 
8.87 


_3.35 


$10.10 


WESTERLY, R. I. 


Jan. 
4. 45 
3.99 
3.73 
2.78 
4.85 
6.49 
5.96 


4.033 


“Feb. Ma 


«8.26 


2.08 
2.32 
4.75 
3.11 


1. 19 


3.62 


2 4.06 


_Apr. 
0. 


2.29 


6.99 


May 
2.28 
3.37 
1.15 
4.06 
5.94 
3.37 


WESTERLY, R. L. 


Jan. 


3.30 
4.24 
3.42 
8.91 


2.63 
3.38 
3.31 
5.60 


2.68 


1.74 
4.01 
5.95 


1. 
3. 
2. 


3. 


___Mar 
7.81 
3.74 
3.51 
0.17 


2.34 
5.36 
ry 52 

3.32 4. 


5.3 
1.0 
2.6 
3.7 


4 
1 
9 
5 


ecord : January, 
__ May = 


Apr. 
4.39 
7.38 
3.70 
1.61 


6.82 1.85 


3.74 
2.10 
2.79 
3.16 


2.81 


July 
3.56 
4.35 
4.88 
3.92 
0.40 


3.04 


(Weather Bureau 
Record: : January, 


_ July 


2.97 


Aug. 


4.3 


Aug 


1. 
1.9% 


6.67 


2.08 
4 


Formerly 
1893, to October, 


_ Aug. 


Sept. 


2.23 


Record : January, 1940, to September, 


Sept. 


Oct. 
3.59 


3.41 
4.89 
1.90 
2.21 


Oct. 
ll 
76 
43 
46 


27 


& 


2.98 


0.85 


Nov. 


~ 


sid 


Nov. 


6.97 
3.47 
6.04 
3.31 


10.27 


7.63 


6.28 


1.05 
5.90 


Everett Barnes) 


1950 


Sept. 


Oct. 


(White Rock Pumping Station) 


June 


1912, 


to December, 


July 


Aug. 


1949 
Sept. 


2.05 
3.61 
0.70 
1.82 


3.55 


N 


Dec. 
6.37 
1.16 
4.08 
7.94 
3.60 
3.09 
2.93 
2.54 
4.18 


Annual! 


Annual 


Dec. 


43.04 
34.95 
52.88 
39.10 
43.63 
45.55 


43.19 


45.61 


Annual 


Annual! 


41.25 


3.45 1.7! 1.87 2.27 2.27 1.30 6.80 34.05 
1.95 2.23 5.00 3.82 3.07 1.08 §.50 12.17 2.38 43.61 
3.15 5.25 2.29 22 5.53 2.08 [1.97 3.54 2.07 50.25 
3.62 3.14 1.18 1920 1.92 0.52 0. 37.59 
|_| 3.95 3.77 [84 2.89 46.24 
1948 3.82 4.04 1.54 I 50.92 
1949 0.06 1.71 42 3.46 .10 35.71 
1950 | 2.35 0.97 [12 2.07 6.91 41.22 
25 _ 3.10 4.35 (4.02 3.29 4.71 3.79 45.70 
Year Jan. Feb. Ms = 
1940 3.65 3.01 4.3 2.16 2.68 
1941 3.49 1.63 3.: 0.57 3.52 
1942 4.66 4.75 6.57 1.4 (2.23 6.70 
a 1943 4.17 2.46 3.23 3.90 » 2.36 1.80 
1944 2.49 5.61 3.9 6.33 03.67 
6 yrs. 4.250 3.19 3.3424] 
1946 40 5.66 322 1.72 1.32 
1947 2 4.66 3.92 65.20 245 1248 4.90 3.27 
1948 |2.18 1.82 0.93 0.81 
1942 6.53 4.37 5.42 1.76 3.42 4.57 5.82 y 
1943 3.20 4.0 2.06 4.28 2.61 1.49 5.14 3.08 1.65 36.95 ar 
1944 5.93 4.26 3.38 0.68 1.60 7.51 2.37 10.89 3.90 47.72 P 
1945 2.44 3.01 2.51 1.22 4.55 1.55 2.42 7.87 6.95 44.11 se 
aie 1946 _1.71 iz 3.09 2.19 11.81 2.11 1.06 0.95 3.14 42.25 ae 
1947 2.73 2.28 2.42 2.16 2.88 2.37 5.67 2.83 37.28 .. 
a 1948 4.86 3.71 8.90 2.30 2.35 0.80 §.99 3.23 5.69 2.52 44.81 
ste 1949 8.04 4.12 2.68 T 2.00 1.75 [: 1.47 3.19 3.73 | 
1950 3.75 2.56 4.82 2.94 1.85 4.75 [36 1.75 
56 yrs. _3.77_ _346 3.33 3.91 3.86 43.21 
J 
R 
1912 0.47 2.85 2.85 153 321 642 = 
1913 1.00 1.33 2.17 5.50 1.96 448 40.89 
1914 1.03 3.70 2.70 3.48 2.43 3.94 34.71 
1915 1.67 1.30 7.18 3.65 1.81 3.96 40.84 
1916 = 
1918 3.44 5.12 348 4.34 2.55 1.95 5.81 1.19 2.37 4.18 3851 a 
1919 3.73 3.95 3.57 2.08 4.31 5.51 8.56 1.97 3.84 3.98 50.87 Sa 
1920 2.61 4.96 347 6.16 3.26 3.31 1.14 1.44 4.74 5.27 46.83 : 
1921 2.56 2.55 8.37 2..39 1.06 1.66 9.69 2.52 41.2% 
; 1923 5.88 55 5.73 1.54 2.76 2.40 2.21 3.56 3.95 4.45 6.18 45.55 ; 
1924 4.98 45 6.51 3.17 1.38 0.71 840 6.32 0.22 240 3.05 41.60 
1925 3.23 10 2.66 4.18 2.96 3.52 2.35 3.01 5.53 5.03 3.46 40.72 
1926 3.45 73 2.41 3.50 2.00 4.75 4.64 1.49 4.88 5.64 2.77 43.01 es 
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RAINFALL IN NEW ENGLAND 


WESTERLY, R. I. (White Rock Pumping Station) (Continued) 
Record: January, 191: 1912, to December, 1949 


6.06 


2.86 
4.32 
6Al 
7.88 


7 
6.49 
5.96 


b. Mar. Apr. May _June July _Aug. Sept. Oct. Nov. Dec. A Annua’ 


2.62 3.58 4.00 4.67 4.00 . 59.39 

2.57 146 4.08 3.67 4.38 3. 44.55 

5.09 4.08 0.50 2.51 5.00 46.71 
4.62 3.05 3.77 3.34 2.98 0.89 3. li -73 36.35 
2.08 6.45 3.3 4.02 5.67 4.28 0.55 -79 47.82 
45 2.58 662 259 2.68 2.75 3.738 4.17 15.38 J 68.73 
4.39 6.69 4.36 2.95 3.28 5.81 7.15 53.58 
447 4.50 J 5.53 3.66 1.57 1.58 5.51 . , 3. 50.56 
3.68 3.01 -09 1.92 6.25 6.52 1.14 4.37 ¢ -56 45.55 
4.85 10.75 3. 2.95 6.94 1.37 4.96 5.54 : 1. 00 J 66.06 


2.36 4.98 78 3.23 4.28 2.21 3.85 3.10 . 7.24 3.33 50.25 
6.11 4.07 6.55 3.95 52.67 
1.40 7.78 2.32 J 2.49 48.83 
3.72 0.74 2.85 2.50 44.49 
5.42 2.92 2.08 2.80 32.31 


4.67 6.37 1.09 d 6.45 42.50 

3.59 2.56 1.37 1.50 33.08 

3.30 1.53 17.29 J 3.69 45.69 

. 2.01 1.30 8 4.08 1.43 38 6.80 41.37 
3.06 2.3 2.86 2.42 11.77 2.03 Act: 3.03 40.69 


3.37 2.23 242 2.16 2.88 "2.83 37.28" 
2.97 86 3.7 2.30 2.35 0.80 0.99 2.52 44.81 
4.23 3. - 2.00 1.75 2.69 3.73 


4.18 


_ 3.05 3.07 4.11 3.71 3.98 45.11 


WOOD RIVER JUNCTION, R. L. 
Record : _ January, 1940, to 1948 


Jan. 


3.66 
3.55 
3.37 
4.03 
3.41 


1945 3.92 


Feb. Mar. Apr. “May June July y. Dee. Annual 
3.33 4.62 6.07 4.46 2.55 4.01 

1.86 3.64 147 2.36 656.18 6.16 

4.95 6.96 0.84 2.00 1.80 5.03 

2.58 3.49 3.83 3.63 2.02 2.95 

2.52 6.19 4.04 1.57 3.21 1.07 0.98 


4.76 2.83 3.11 4.38 3.67 1.54 4.08 1.10 


Av. 


6 yrs. 


3.66 


3.33 4.62 3.23 3.07 3.45 2.68 


1946 
1947 
1948 


5.02 
4.03 
6.52 


3.82 197 2.47 6.12 13.82 2.50 
1.38 4.05 5.00 4.45 3. e 2.32 2.17 
2.97 5.44 3.92 10.44 2.28 ? 1.15 1.41 


WOONSOCKET, R. I. (Weather Bureau) 
Record : ; April, 1941, to December, 1950 


Jan. 


Feb. Apr. “July Aug. Sept. . Annva! 


3.92 
1.40 


1.25 2.07 1.41 
2 Ad 0.78 - 
3.63 1.59 0.78 
2. 03 J 3. 0.62 7.67 
4.51 -63 3.34 =1.35 


2.62 
2.90 
3.55 
2.80 
3.20 


2.08 3. 8.93 2.37 
1.56 3. 3. 3. 1.98 4.09 
1.20 ° 1.59 3.52 
2.60 x 5 3.91 4.68 


2.62 


2.80 3. 3.83 3.54 
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Year Jan. 
1927 2.74 a 
1928 2.77 
1929 4.19 
1930 3.06 = 
1931 5.00 
1932 7.45 
1933 
1934 
1935 
1936 
1937 
1938 = 
1939 4.01 
1940 3.23 
1942 4.40 
1943 3.19 
1944 3.40 
1945 2.19 
1946 4.58 
194 : 
194 
194 its 
35 yrs, 3.39 4.25 4.13 3.47 | 
Year 
1940 
1941 
1942 
1943 
3226.09 3.96 43.67 4 
— 1.20 0.87 2.95 45.14 
8.24 6.44 3.30 42.47 
1941 1.10 2.77 3.17 
1942 8.11 4.82 5.92 
19438 4.038 2.78 1.09 
1944 2.34 6.01 2.69 36.93 
1945 1.62 6.81 5.20 42.94 
1946 0.28 0.81 3.73 32.10 is 
1947 1.29 6.54 3.32 40.03 
1948 5.68 1.97 — 
1949 1.62 2.92 1.60 29.71 af 
1950 | 2.40 5.94 3.59 36.54 
6 yrs 1594.84 8.85 «36.36 
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PROCEEDINGS 


APRIL 1956 MEETING 
Pickwick ArMs HoTeL, GREENWICH, CONN. 
Tuurspay, Aprit 19, 1956 
More than 160 members of the Association and their guests took 
advantage of the opportunity to visit and inspect the Putnam and 


Mianus Filter Plants and the Mianus Reservoir of the Greenwich 
Water Co. 


The group returned to the Pickwick Arms Hotel, where luncheon 
was served. President Allan F. McAlary introduced those at the 
head table and called upon Walter A. Hayes, First Selectman, who 


extended a most cordial welcome on behalf of the town of Greenwich. 


Introductory remarks concerning the development of the Green- 
wich Water Co. were given by Manager Robert A. Kaufman. 


A paper, “Construction of the Mianus Dam and Reservoir”, was 
read by George E. Paul, Chief Construction Engineer, American 
Water Works Service Co., Philadelphia, Pa. 


An illustrated paper, “The Design of the Mianus Filter Plant”, 


was read by Howard J. Carlock, Chief Design Engineer, American 
Water Works Service Co., Philadelphia, Pa. 
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PROCEEDINGS 


May 1956 MEETING 
ROGER SMITH HoLyoxe, Mass. 


Tuurspay, May 17, 1956 


About 218 members and guests of the Association participated in 
an escorted motorcade to the site of the New Manhan Dam, currently 
under construction. This huge project was extremely interesting, and 
perfect weather made a complete inspection possible. 


Luncheon was served at the Roger Smith Hotel, after which 
President Allan F. McAlary introduced those at the head table. 


A warm welcome was afforded the group by James E. Barry, 
Chairman of the Board of Water Commissioners of the city of 
Holyoke. 


An illustrated paper, “The Need for the Holyoke Expansion”, 
was presented by George H. Shea, Engineer, Water Works, Holyoke, 
Mass. 


An illustrated paper, “Interesting Construction Features of the 
New Dam”’, was presented by George H. McDonnell, Consulting En- 
gineer, Tighe & Bond, Inc., Holyoke, Mass. 
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ENGINEERS 


Coffin & Richardson, Inc. 
Consulting Engineers 


Water Supply, Sewerage, Flood Control 
Investigation, Design, Valuation 
Incinerators 


68 Devonshire St. .... Boston, Mass. 


Fay, Spofford & Thorndike, Inc, 


ENGINEERS 
Water Supply - Sewerage - Drainage 
Structural and Foundation Problems 


Investigations Reports Valuations 
Designs Engineering Supervision 


11 BEACON STREET BOSTON 


HALEY & WARD 
ENGINEERS 
Successors to Frank A. Barbour 


Water Works and Sewerage 
Valuations 


Supervision of Construction and 
Operation 


TREMONT BUILDING BOSTON, MASS. 


MORRIS KNOWLES INC. 
Engineers 


Water Supply and Purification, Sewer- 
age and Sewage Disposal, Industrial 
Wastes, Valuations, Laboratory, 
City Planning. 


1312 PARK BUILDING 
PITTSBURGH 22, PA. 


MALden 2-3800 


Gunite Restoration Co., Inc. 


Specializing in Pressure Concrete and 
Grouting 


595 Broadway, Malden 48, Mass. 


METCALF & EDDY 
ENGINEERS 


Water, Sewage, Drainage, Refuse and 
Industrial Wastes Problems 
Airports Valuations 


Statler Building 
Boston 16 


R. E. CHAPMAN COMPANY 


Oakdale, Massachusetts 


GRAVEL DEVELOPED AND 
GRAVEL PACKED WELLS 
All Sizes te 60” Diameter 


Best Equipped for Complete Test Drilling and 
Development of Large Supplies 


5-3727 
Tel. WEST BOYLSTON {33937 


IRVING B. CROSBY 
Consulting Engineering Geologist 
Investigations and Reports 
Dams, Reservoirs, Tunnels, Ground 
Water Resources and Supplies 


6 Beacon Street, Boston 8, Mass. 


CAMP, DRESSER & McKEE 


Consulting Engineers 


6 Beacon Street 
Boston 8, Massachusetts 


Water Works and Water Treatment; Sewerage 
and Sewage Treatment; Municipal and Indus- 
trial Wastes; Investigations and Reports; De- 
sign and Supervision; Research and Develop- 
ment; Flood Control. 


Leggette, Brashears & Graham 


Consulting Ground Water Geologists 


Salt Water Problems 
Dewatering Investigations 
Recharging Reports 


Water Supply 


551 Fifth Avenue New York 17, N. Y. 
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ENGINEERS 


Malcolm Pirnie Engineers 


Civil and Sanitary Engineers 
Malcolm Pirnie Ernest W. Whitlock 
Robert D. Mitchell Carl A. Arenander 
Malcolm Pirnie, Jr. 
Investigations, Reports, Plans 
. Supervision of Construction 
; and Operations 
Appraisals and Rates 
25 West 43rd St. New York 36, N. Y. 


WESTON & SAMPSON 


Consulting Engineers 


Water Supply and Sewerage 
Chemical and Bacteriological 
Laboratory 


14 BEACON ST. BOSTON, MASS. 


THE PITOMETER ASSOCIATES, INC. 
ENGINEERS 


Water Waste Surveys 
Trunk Main Surveys 
Water Distribution Studies 


Water Measurements & Special 
Hydraulic Investigations 


50 Church Street New York City 


WHITMAN & HOWARD 


Engineers 
Established 1869 


Investigations, Designs, Estimates, 

Reports and Supervision, Valua- 

tions, etc., in all Water Works and 
Sewerage Problems. 


89 BROAD ST. BOSTON, MASS. 


Charles A. Maguire & 
Associates 


Engineers 


14 Court Square Boston 8, Mass. 


PIERCE -PERRY CO. 


Wholesalers of 
Water Works Brass Goods 
Byers Wrought Iron Pipe 

Youngstown Steel Pipe 
Valve and Service Boxes 


236 Congress St., Boston, Mass. 
Telephone, HAncock 6-7817 — 6-7818 


Hazen and Sawyer 
ENGINEERS 


Water and Sewage Works 
Industrial Waste Disposal 
Drainage and Flood Control 


Reports, Design, Supervision 
oe of Construction and Operation 
Appraisals and Rates 


122 East 42nd St. 3333 Book Tower 
New York 17,N. Y. Detroit 26, Mich. 


D. L. MAHER CO. 


Water Supply Contractors 


Gravel Wall and Driven Wells 
Municipal and Industrial Supplies 


38B Brattle Street - KIrkland 7-1438 
Cambridge, Massachusetts 


LAYNE - NEW YORK CO. 
Inc. 
SUCCESSORS TO 


Layne-Bowler New England Corp. 
Well Water Supply Contractors 


New England Headquarters 
15 Ryder Street, Arlington, Mass. 


SMITH and NORRINGTON 
ENGINEERING CORP. 


CONSULTING ENGINEERS 
ENGINEERING SUPERVISION 


Liberty 2-3244 


120 Tremont St. Boston 8, Mass. 


ve 

= 

| 

ra 
fig 
‘oo 


ADVERTISEMENTS. 


1921 


when you phone. 


592 East First Street 


35 years 

of rendering DEPENDABLE SERVICE | 

at REASONABLE PRICES 

for EXCELLENT QUALITIES | 

of Water Works materials to supply your needs and to back up our 
slogan of ... 


“Everything for Water Service Work from Main to Meter” 


COMPLETE MUELLER LINES — DRESSER 
LINES — ROADWAY — SERVICE & GATE BOXES — PIPE 
FITTINGS and all incidental lines from TAPPING MACHINES 
to METER YOKES. 
Watch for “Al” (Bud) Lash to visit you or ask us to have him call 
on you — or — let “Ernie” Moore or Jack Hall handle your call 


crorcE A. CALDWELL company 


1956 


GEORGE A. CALDWELL CO. 


South Boston 27, Massachusetts 
Phone ANdrew 8-1172 


PAU D 
opoRTIONEERS 


new Flush Feeder (Pat. applied for) accomplishes 

the impossible . . . it feeds and proportions 

slurries of mud-like consistency (lime, diatomite, 

carbon) which are too concentrated for con- 

ventional proportioning pumps. For wide range 

of pressures and capacities from 0.2 to 650 GPH. 
FEATURES 

® Pump abrasion eliminated — as cylinders 
handle only clear liquid. 

®@ low maintenance — remote slurry check 
valves are flushed clean ot each discharge 
stroke. 

@ Reduced attention — small tank of concen- 
trated slurry lasts longer . . 
costs, too! 

New Bulletin No. 1310 — available from 

Proportioneers, Inmc., 366 Harris 

Providence 1, R. |. . . . division of 


PROVIDEN 


tuts tankage 
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ADVERTISEMENTS 


IN WITH THE NEW! “Century” Asbestos-Cement 
Pipe ready and able to replace more than 10 
miles of a metallic pipeline weakened by exter- 
nal corrosion for the Jefferson County Fresh 
Water District #1. Sabine Pass, Texas. 


Soil conditions led to the switch to non- 
corrosive “Century” Asbestos-Cement 
Pipe. Contractor: Hardin Construction 
Company, Houston, Texas. 


non-corrodinag! 
K&M “Century”® ASBESTOS-CEMENT PRESSURE PIPE 


Throughout the country more and more communities are relying on 
water mains of K&M Asbestos-Cement Pipe ...made of asbestos 
fiber and portland cement. It resists corrosion, is non-electrolytic, two 
of the many advantages which make for durability. 

Pumping costs low and stable! There is no clogging to reduce flow 
and increase pumping costs with K&M Asbestos-Cement Pipe. It is 
non-metallic . . . non-tuberculating. Its bore remains smooth and clean. 

Lower in initial cost! K&M Asbestos-Cement Pipe is light in weight 
—easily and inexpensively transported, stored and handled. 

Write for complete details. 


KEASBEY & MATTISON company Amater PA. 
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WATCH DOG 


ON GUARD 24 HOURS A DAY 


Profits in water service today are measured in 
pennies. Worthington-Gamon WATCH DOG 
Water Meters guard your profits three vital ways: 


Accuracy. . . provides precise measurement 
of water. 

Simplicity. . . of design makes for ease of 
repair. 


Durability . . when you invest in WATCH 
DOG Meters, you are assured of long life 
equipment. 

The majority of large U.S. cities are using 
WATCH DOG Meters. Write today for de- 
tailed information, concerning your specific re- 
quirements. Representatives and offices in all 
principal cities. 


-GAMON METER DIVISION 


WORTHINGTON CORPORATION 
296 SOUTH STREET, NEWARK 5, NEW JERSEY 


“The sign of value around the world" 
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ADVERTISEMENTS. 


{HYDRO-TITES 
J 


(POWDER) 


For over 40 years HYDRO-TITE has been faithfully 
serving water works men everywhere. Self-caulk- 
ing, self-sealing, easy-to-use. Costs about 1/5 as 
much as lead joints. Packed in 100 lb. moisture- 
proof bags. 


(LITTLEPIGS) 


The same dependable compound in solid form — 
packed in 50 Ib. cartons — 2 litters of pigs to the 
box — 24 easy-to-handle Littlepigs. Easier to ship, 
handle and store. 


(REELS) 


The sanitary, bacteria-free joint pack- 
ing. Easier to use than jute and costs 
about half as much. Insures sterile 
mains and tight joints. 


Medtont om, Bouton. Mas. 


- 


THE FIRST HYDRO-TITE JOINTS | 
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HYDRO-TITE 
a HYDRAULIC DEVELOPMENT CORPORATION — a 
| Soles $0 Church: Steeen, New Offers and Work 
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It’s Transite 
Ring-Tite 
Pressure Pipe 


@ Transite® Ring-Tite® Pressure Pipe is a 
community investment that pays off year 
after year! 

Its remarkably high flow characteristics 
protect that investment by keeping main- 
tenance and pumping costs at a minimum 
during its long service life. 


Corrosion resistant 


Transite Pipe is strong, durable, and highly 
resistant to corrosion. And it is immune to 
tuberculation, the form of interior corro- 
sion that chokes the flow and increases 
pumping costs. Transite cannot tubercu- 
late, thus its original high flow capacity is 
maintained, and pumping costs are kept 
at a minimum, year after year. 

The Ring-Tite Coupling, with rubber 
rings compressed and locked in place, 
forms a joint that is tight yet flexible. 
Rings cannot blow out, and the automatic 
separation of the pipes within the coupling 
helps to relieve line stresses. 


Ring-Tite Coupling, write for Booklet TR-160A. Address Johns-Manville, 


For further information about Transite Pressure Pipe and the JM 


Box 14, New York 16, N. Y. In Canada, Port Credit, Ontario. 


Johns-Manville TRANSITE PRESSURE PIPE 


WITH THE RING-TITE COUPLING 
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69 of successful ‘experience a 


SOUTH BOSTON 
naan OFFICES: NEW YORK — PORTLAND, ORE. — 
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x ADVERTISEMENTS. 


“Out of sight—out of mind” can be a mighty expensive philosophy 
in any water distribution system. The above unretouched 
photograph proves this point. It shows a badly tuberculated 

eight inch main whose inside diameter was reduced to an average 
of almost 4.5 inches. Resultant higher pumping costs with reduced 
pressure and carrying capacity make it costly to tolerate such 
conditions. That is why the savings effected in reduced pumping costs 
frequently pay for the low cost of National water main cleaning. 


Since there’s never a charge or obligation to inspect your 
mains, call National now! 


NATIONAL WATER MAIN CLEANING COMPANY 
5” 50 Church Street * New York, N.Y. 


ATLANTA, GA., 333 Candler Building © BERKELEY, CALIF., 905 Grayson Street © DECATUR, GA.. 
P. O. Box 385 © BOSTON, MASS., 115 Peterboro Street © CHICAGO, 122 So. Michigan Avenue * 
ERIE, PA., 439 E. 6th Street © FLANDREAU, S.D., 315 N. Crescent Street © KANSAS CITY, MO., 
406 Merchandise Mart and 2201 Grand Avenue ® LITTLE FALLS, N.J., Box 91 © LOS ANGELES 
5075 Santa Fe Avenue ® MINNEAPOLIS, MINN., 200 Lumber Exchange Building © RICHMOND. 
VA., 210 E. Franklin Street © SALT LAKE CITY, 149-151 W. Second South Street © SIGNAL 
MOUNTAIN, TENNESSEE, 204 Slayton Street © MONTREAL, CANADA, 2032 Union Avenue * 
WINNIPEG, CANADA, 576 Wall Street © HAVANA, CUBA, Lawrence H. Daniels, P. O. Box 
531 ® SAN JUAN, PUERTO RICO, Luis F. Caratini, Apartado 2184. 
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A-711 V-notch Chiorinator 
has rotameter indicator 
with 10 to 1 feed range 


A712 V-notch Chiorinator 
has dial indicator with 
20 to 1 feed range 


‘NEW V-notch Chlorinators 


SIMPLIFY Chlorination 


With the new Wallace & Tiernan V-notch Variable-Orifice 
Chlorinators: 
OPERATION IS SIMPLIFIED as one injector control starts or 
stops the unit. Chlorine gas is turned on or off automatically. 
SETTING FEED RATE IS SIMPLIFIED as one control sets feed 
rate precisely at both high or low feeds. 
INSTALLATION IS SIMPLIFIED as units are shipped ready for 


operation. No water supply is needed at the chlorinator. A remote 
injector uses only standard water supply fittings. 


MAINTENANCE IS SIMPLIFIED and virtually eliminated. All 
parts are corrosion resistant, mounted in an attractive modern cabinet. 


For full details on manual or automatic proportional V-notch 
Chlorinators, contact your W&T representative, or write to the address 
below. 


A New Development from Wallace & Tiernan Research 


WALLACE & TIERNAN INCORPORATED 


25 MAIN STREET, BELLEVILLE 9, NEW JERSEY 


$-112 
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ADVERTISEMENTS. 


For YEARS and YEARS and YE ARS 
YOU CAN DEPEND UPON 


EDDY can supply rep!acement parts for any 
Eddy Valve or Hydrant ever installed! This is 
important to you because the Valves and 
Hydrants you buy today must serve several 
generations yet unborn. You want no “orphans” 
in your system. Eddy Hydrants and Eddy 
Valves are backed by Eddy Valve Company’s 
104 years of dependable operation — your as- 
surance that replacement parts will be available 
during the years to come. 


H. R. Prescott & Sons, Inc. 


NEW ENGLAND SALES AGENTS 
Box 7 : Greendale Sta. 
Worcester 6, Massachusetts 
Tel. West Boylston TE 5-4431 


EDDY VALVE 


COMPANY 


WATERFORD, NEW YORK 
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ADVERTISEMENTS. 


CORPORATION STOPS and CURB STOPS 


® 


You don’t see the HAYS Corporation and Curb 
Stops after you have them installed. But they're 
working for you, saving expensive digging and 
replacement, literally hidden assets. ROUNDWAY 

All plugs are individually ground in for peel 
perfect fit and specially lubricated for easy turn- 
ing year after year, generation after generation. 
HAYS craftsmen are trained to uphold a tradition 
more than eighty years old for dependable preci- 
sion products. 


CORPORATION 
It Pays to Buy Hays. STOP 


Join the A. W. W.A, T RKS PRODUCT 
HAYS is one of the eleven Lae anas ‘ 


the American Water ERIE, PA, 


Works Association. 
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FLANGED PIPE AND SPECIALS 
CURB AND GATE BOXES 


WATER WORKS BRASS GOODS 


HYDRANTS AND VALVES 


CRESCENT DIAPHRAGM PUMPS 


591-593 WASHINGTON STREET 


PIPELINE EQUIPMENT AND TOOLS 
WROUGHT IRON AND STEEL CEMENT LINED PIPE 


LEAD LINED FITTINGS 


EUREKA CEMENT LINED PIPE CO., INC. 


Telephone: LY-3-9550 


LYNN, MASSACHUSETTS 


R. H. WHITE CONSTRUCTION CO., Inc. 
GENERAL CONTRACTORS 


Water Mains 
Pumping Machinery 


Pumping Stations 
Stand pipe Foundations 


Sewerage Disposal 
41 CENTRAL ST., AUBURN, MASSACHUSETTS 


(Tel. Auburn 8121) 


FOR 


Pipe Founders Sales Corporation 
CAST IRON PIPE AND FITTINGS 


Water, Steam, Gas and Culverts 


Special Flanged and Bell and Spigot Castings 


Warehouse and Yard: East Cambridge, Mass. 


Lyncast Iron Chemical Castings 


Office: 131 State Street, Boston 9 


Philadelphia Gear Works, Inc. 
Gears, Speed Reducers 


MILLS ENGINEERING CO., INC. 


10 High Street, Boston, Massachusetts 


Representing 


Limitorque Valve Controls 


American Well Works 


Bradley Washfountain Co. 


Group Washing Equipment 


Blackburn-Smith Mfg. Co., Inc. 


Sewage and Water Process 


Equipment 
Pumps 


Pneumatic Ejectors 
Filters 
Strainers 
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ADVERTISEMENTS. XV 


KENNEDY A.W.W.A. Gate Valves 


Give You More Value For Your Valve Dollar. . . 


O-RING SEALS 


Provide excellent sea! pre- 
vent binding of stem and 
result in very easy valve 
operation KENNEDY O- 
Rings are located above 
collar, permit repacking 
under pressure. Optiona! 
on KENNEDY non-rising 
stem AWWA valves 


STRONGER CONSTRUCTION 


Rugged design and construction features iron that is 
50% stronger than ordinary cast iron to keep KENNEDY 
Valves doing a better job over a longer, more de- 
pendable operating life. 


KENNEDY Fig. 56 
AWWA Standard lron-Body 
Double-Dise Gate Valve. with 
Bell Ends 
KENNEDY manufactures a com- 


plete line of water works valves. 
Sizes range from 2” to 48” includ- 
ing non-rising stem and outside- For maximum service life, for the 
screw-and-yoke valves. These greatest value for your valve 


valves feature the hook-and-wedge 
type disc mechanism for easier, 
better and more positive valve 
operation. A wide variety of pipe 
connections are available. 


dollar, specify KENNEDY valves 
and fire hydrants. Remember, 
KENNEDY means dependability 
in valves, fire hydrants and access- 
ories. 


Fig. 571 Fig. 56! Fig. 566 Fig. 566G Fig. 566FTR 


Write today for NEW A.W.W.A. Valve Bulletin 


UTILITIES SUPPLY CORPORATION 
425 Riverside Ave. * Medford 55, Mass. * TEL. MYSTIC 8- 
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ADVERTISEMENTS. 


CALL PRESCOTT 


When You Need Saddles or Other 
Quality Water Works 
Supplies 


SMITH-BLAIR 
CLOW-DRESSER 
SKINNER 


Prescott & Sons, INC. 


QUALITY WATER WORKS SUPPLIES SINCE 1914 | 


BRANCH — WORCESTER 6, MASS. 


TELEPHONE WEST BOYLSTON 5-443! 


Torrington Supply Company, Ine. 


Water Works Distributors 


MUELLER BRASS GOODS — _ STEEL PIPE 
MUELLER TAPPING SLEEVES AND GATES — TOOLS 
MUELLER HUB END VALVES — WATER PUMPS 
COPPER TUBE AND BRASS PIPE 


125 Maple Street, Waterbury, Connecticut 
Telephone — PLaza 6-3641 
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ADVERTISEMENTS 
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AUTOMATIC VALVES 


Controls elevation 


of water A self contained : 
in 
unit, with 
: 
reservoirs three or more 


automatic 


‘ee 


ALTITUDE VALVE 


1. Single Acting 
2. Double Acting 


COMBINATION VALVE 


Combination automatic control both di- 
rections through the valve. 


Maintains 
desired discharge 
pressure 

regardlese Maintains 4 
of =e safe operating a 

rate of flow P 

conduits, 

distribution and 

pump | 

REDUCING VALVE discharge 


Regulates pressures in gravity and pump 
systems; between reservoirs and zones of 
different pressures, etc. 


SURGE-RELIEF VALVE 


Maintains 
levels in tank, 


reservoir 
or basin Electric | 
remote control— | 
1. As direct solenoid or 
acting motor 
be 
2. Pilot oper- 
ated and with furnished 
float traveling 
between two 
stops, for upper 
E and lower limit REMOTE CONTROL VALVE 
of water eleva- 
can, Adapted for use as primary or second- 
ary control on any of the hydraulically 
FLOAT VALVE controlled or operated valves. 


ROSS VALVE MFG. CO., INC. Box 592 TROY,N. Y. 
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PUBLIC WORKS SUPPLY CO. 


DISTRIBUTORS OF 
“DARLING” Fire Hydrants, Valves, Tapping Sleeves. 
“DRESSER” Couplings, Sleeves, Clamps. 
“FORD” Meter Test Benches, Yokes, Copper Horns. 
“*J-M” Bacteria free Asbestos Yarning Rope—Style 4210 and 4211. 
CAST IRON GATE AND CURB BOXES 


93-95 BROOKLINE ST., LYNN, MASS. Tel. LYnn 2-7823 


Cement Lined Service Pipe 


WE CAN NOW ship your requirements in all sizes of black or galvanized, steel or 
wrought iron pipe from stock. Genuine “Lipco’”’ Cement Lined Pipe and Lead Lined 
Fittings have given and will continue to give years of trouble-free service. 


CEMENT LINED PIPE COMPANY 


93-95 Brookline St. Tel. LYnn 2-7823 Lynn, Mass. 


Pioneer Manufacturers of CENTRIFUGAL CEMENT LINED PIPES 


higuid Chlorine and 
Sodium Hypochlorite 


Prompt deliveries from nearby plant at Berlin, N. H. 


A PRODUCT OF PROWM om any 


Berlin, NEW HAMPSHIRE 


SALES or CONTRACT 


R. F. BAHR 


Get Full Service From Old Mains 


The most practical way to meet today’s overload demand 
is to clean clogged water mains. FLEXIBLE Pipe Clean- 
ing Co., specializes in such jobs — any size — 2” to 72”. 


41 GREENWAY, HAMDEN, CONNECTICUT 


New England 
Representative 
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ADVERTISEMENTS. 


Tel. SUDBURY 458 P. O. BOX 153 


HILCO SUPPLY 


delivers 


A Complete Line of Waterworks 
Supplies To All New England 


Quality Products — Fast, Courteous and Dependable Service 


At the Junction of Routes 20 and 27 
SOUTH SUDBURY, MASSACHUSETTS 


VALVES 
FITTINGS 
up to 


Dresser 24 inches in sock 


Flanged pipe specials up to 


20” made in our own shop. 
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ADVERTISEMENTS. 


Whenever conditions demand imme- 
diate backfill, steel pipe and Dresser 
Couplings make it surer, safer to 
comply. 

On this Syracuse water supply job, 
for example, the cave-in hazard of un- 
stable sandy loam was heightened by 
heavy traffic nearby. The problem was 
solved by immediate backfilling, a 
standard Syracuse practice on all Dres- 
ser-Coupled water lines, where leaving 
trenches open for line test during con- 
struction is considered unnecessary. 

Proved in thousands of installa- 
tions, these factory-tested couplings 
give 100% bottle-tight joints every 


Too Quick for Cave-ins! 
Dresser-Coupled steel line permits backfilling without delay 


DELIVERING 
WATER CHEAPER 


Engineered and built by the 
city of Syracuse, N. Y., this 
38.7” Dresser-Coupled steel 
water supply line was back- 
filled immediately after each 
30’ length was joined, getting 
streets back to work fast, 
practically eliminating the 
problem of trench cave-ins. 


time. Their resilient rubber gaskets 
absorb vibration and pipe-transmitted 
stresses .. . assure no-leak safety for 
the life of the line. 

Dresser Couplings and steel pipe 
provide trouble-free lines that always 
deliver water cheaper. 

Wherever water flows, steel pipes it 
best. Always put steel pipe and Dres- 
ser Couplings in your specifications. 
Dresser Manufacturing Division, 
Bradford, Pa. Sales offices 
in: New York, Philadel- 
phia, Chicago, South 
San Francisco, Houston, 
Denver, Toronto, Calgary. 
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ADVERTISEMENTS. 


CLASSIFIED DIRECTORY OF ADVERTISEMENTS 


ASBESTOS-CEMENT PIPE. 
Johns-Manville 
Keasbey & Mattison Company 

BRASS GOODS. 

Eureka Cement Lined Pipe ‘Co. 

Hileo Supply 

Mueller Co. 

Pierce-Perry Co. 

Torrington Supply Co., In 

Utilities Supply Corp. 

CALKING MACHINERY AND TOOLS. 

ydraulic Development Corp. 

Mueller Co. 
CAST IRON PIPE. (See Pipe, Cast Iron.) 
CEMENT LINED PIPE. (See Pipe, Cement Lined.) 
CHEMICAL FEED APPARATUS. 

B-I-F Industries 

Wallace & Tiernan Co., 
CHLORINATORS. 

B-I-F Industries 

Wallace & Tiernan Co., Inc. 

CLARIFIERS. 

CLEANING WATER MAINS. 

Flexible Pipe Cleaning Co. 

National Water Main Cleaning Co 
COCKS, CURBS AND CORPORATIONS. 

Caldwell Co., George A 

Eureka Cement Lined Pipe Co. 

Hays Mfg. Co. 

Mueller Co. 

Utilities Supply Corp. 

CONCRETE PIPE. (See Pipe, Concrete.) 

CONTRACTORS’ EQUIPMENT. 

Hydraulic Development Corp. 
CONTRACTORS. 

Layne-New York Co., Inc. 

Maher, D. L. Co. 

White Construction Co., R. H. 
COUPLINGS, FLEXIBLE PIPE. 

Caldwell Co., George A. 

Dresser Mfg. Div. 

Public Works Supply Company 
CURB BOXES. 

Bingham & Taylor Corp. 

Caldwell Co., George A. 

Eureka Cement Lined Pipe Co. ... 

Hays Mfg. Co. 

Hileo Supply 

Mueller Co. 

Pierce-Perry Co. 

H. R. Prescott & Sons, Inc. 

Public Works Supply Company 

Utilities Supply Corp. 

DIAPHRAGMS, PUMPS. 

Joseph G. Pollard Co. 

EJECTOR, PNEUMATIC. 

Mills Engineering Co., 
ENGINEERS. 

Camp, Dresser & McKee 

Coffin & Richardson 

Crosby, Irving B. 

Fay, Spofford and Thorndike 

Haley and Ward 

Hazen and Sawyer 

Knowles Morris, Inc. 

Leggette, Brashears & Graham 

Maguire & Associates, Charles A. 

Metcalf and Eddy 

Pirnie Engineers, Malcolm 

Pitometer Associates, Inc., The 

Smith and Norrington 

Weston and S 

ENGINES. (See Pumps and ) 

EQUIPMENT. (See Contractors’ Equipment.) 
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CLASSIFIED DIRECTORY OF ADVERTISEMENTS (Continued) 


FEED WATER FILTERS. 

FILTRATION PLANT EQUIPMENT. 

B-I-F Industries 


Mills Engineering Co., xiv 
FLAP VALVES. 

FLEXIBLE JOINTS. 

xx 


U. S. Pipe and Foundry Co. .......:cccse xxvi 
FURNACES. 


Hilco Supply 


xix 
Mueller Co. . 


.. Following front cover 


Pollard Co., Joseph G. . Following front cover 


H. R. Prescott & Sons, In 


xvi 
Public Works Supply Company 3 . xviii 
xix 

GATE VALVES. (See Valves.) 

GEARS. 

Mills Engineering Co., Ime. xiv 

GUNITE CONSTRUCTION. 


Gunite-Restoration Co., Ime. ii 
R. Prescott & Sons, 


xvi 

nYDRAN;TS. FIRE. 
Kennedy Valve Mfg. Co. peatnindphipannhchececaGtenhiishlibanbaieiisabinaniiviand xv 
Public Works Supply Company , 


xviii 
....Following front cover 
; Following front cover 
xix 

HYDRANTS, PUMPS. 

Hileo Supply 

Joseph G. Pollard Co. 

H. R. Prescott & Sons, Inc. 
LEAD PIPE. (See Pipe, Lead.) 
LIQUID CHLORINE. 

METERS, OIL AND WATER. 

Badger Meter Mfg. Co. 

B-I-F Industries .. 

Hersey Mfg. Co. . ix 

Pipe Founders Sales Corp. c i 


Rensselaer Valve Co. 
Smith Mfg. Co., The A. P. 
Utilities Supply Corp. 


xix 
Following ‘front cover 
xvi 


.. Following front cover 
iv 


xiv 
Pittsburgh Equitable Meter Following front cover 
Worthington-Gamon Meter Div. vi 

METER COUPLINGS. 

iv 
Ford Meter Box Co. 


Following front cover 
Hays Mfg. Co. 


xiii 
Hersey Mfg. Co. ix 
Mueller Co. ...... Following front cover 
Neptune Meter Co. valine Following front cover 
Public Works Supply Company we xviii 
Worthington-Gamon Meter Div. ... vi 
METERS (Venturi Type.) 
METER BOXES. 


Bingham & Taylor Corp. 
Ford Meter Box Co. 
Mueller Co. 


Following front cover 
Following front cover 


Public Works Supply Company ... xviii 
METER TESTERS. 
Badger Meter Mfg. Co. .........-ccccc- Following front cover 
Ford Meter Box Co. = Following front cover 
Neptune Meter Co. ......... Following front cover 
Public Works Supply Company xviii 
OIL ENGINES. 
Fairbanks, Morse & Co. ............ Following front cover 
PIPE, ASBESTOS-CEMENT. 
Johns-Manville 


viii 
Keasbey & Mattison Company Vv 
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CLASSIFIED DIRECTORY OF ADVERTISEMENTS (Continued) 


PIPE, BRASS. 
Caldwell Co., George A. 


iv 
Hileo Supply xix 
H. R. Prescott & Sons, Inc. xvi 
Torrington Supply Co., Inc. sdidiadiiindicoaagsanll xvi 
xix 
PIPE, CAST IRON (and Fittings.) 
iv 
Bingham & Taylor Corp. front cover 
Cast Iron Pipe Research Association XxV 
ae Founders Sales Corp. xiv 
R. Prescott & Sons, Inc. xvi 
S. Pipe and Foundry Co. xxvi 
‘ Following front cover 
PIPE, ‘CEMENT LINED. 
Cast Iron Pipe Research Association 
xviii 
Eureka Cement Lined Pipe Co. ae" ae xiv 
Pipe Founders Sales Corp. ....... xiv 
PIPE, COATING AND ‘LININGS. 
PIPE, 
PIPE CUTTING MACHINES. 
Co., Joseph G. ..... Following front cover 
Smith Mfg. Co., The A. Following front cover 
PIPE JOINTING MATERIAL. 
xix 
vii 
Leadite Co., The ......... Back cover 
PIPE, LEAD. 
PIPE LINING. 
PIPE, PRESTRESSED CONCRETE. 
PIPE, WROUGHT IRON AND STEEL. 
PLUG VALVES. 
Hays Mfg. Co. . xiii 
Mueller Co. Following front cover 
Pittsburgh Heuitable Meter Div. Following front cover 
PITOMETERS. 
iii 
PORTABLE AIR COMPRESSORS. (See Air Compressors.) 
PRESSURE REGULATORS. 


Pittsburgh Equitable Meter Div. 


front cover 
H. R. Preseott & Sons, Inc. .... 


xvi 
PROVERS, WATER. 
Badger Meter Mig. Following front cover 
PUMPS AND PUMPING MACHINES. 
Layne-New York Co., _ iii 
Hileo Supply xix 
Maher Co., D. L.. ............ iii 
Joseph G. Pollard Co. .......... ; 1 Following front cover 
xvii 
Turbine Equipment Co. ..... eign Following front cover 
xiv 
RATE CONTROLLERS AND 
Meter Mfg. Co. ........ front cover 
REDUCERS, SPEED. 
xiv 


SHEAR GATES. 
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CLASSIFIED DIRECTORY OF ADVERTISEMENTS (Continued ) 


SLEEVES AND VALVE TAPPINGS. 


Caldwell Co., George A. .......... iv 
xii 
Hileo Supply xix 
Ludlow Valve Mfg. Co. .......... Following front cover 
Mueller Co. ............. Following front cover 
Public Works Supply Company onl xviii 
Following front cover 
Smith Mfg. Co., The A. P. ....... Following front cover 
Utilities Supply Corp. xix 
STEEL PLATE WORK. 
Pittsburgh-Des Moines Steel Co. ..... Following front cover 
STRAINERS. 
SUPPLIES AND TOOLS. 
Hileo Supply xix 
Hydraulic Development Corp. vii 
Mueller Co. ... Following front cover 
Pollard Co., Josep Following front cover 
H. R. Prescott & Sons, Inc. xvi 
Public Works Supply Company xviii 
TAPPING MACHINES. 
Caldwell Co., George A. iv 
xiii 
Mueller Co. ...... a . Following front cover 
Smith Mfg. Co., The A. Spi Following front cover 
TANKS, STEEL. 
Pittsburgh-Des Moines Steel Co. Following front cover 


TAPPING SLEEVES. (See Sleeves and Valves, Tappings.) 
VALVE BOXES. 
Bingham & Taylor Corp. ...... 
Caldwell Co., George A. 


Following front cover 


iv 
Hilco Supply xix 
. Following front cover 
Pierce-Perry Co. iii 
Pipe Founders Sales Corp. .. xiv 
H. R. Prescott & Sons, Inc. ... xvi 
Public Works Supply Company xviii 
Smith Mfg. Co., The A. P. ........... . Following front cover 

VALVE AND GATE GENERATORS. 

VALVE INSERTING MACHINES. 

VALVES, CHLORINE. 

Wallace & Tiernan Co., Ime. xi 

VALVES, GATE. 

Caldwell Co., George A. iv 
Hileo Supply xix 
Ludlow Valve Mfg. Co. .. ..Following front cover 
Mueller Co. . Following front cover 
H. R. Prescott & Sons, Inc. ... xvi 
Public Works Supply Company xviii 
Following front cover 
Smith Mfg. Co., The A. P. . Following front cover 
Utilities Supply Corp. ........... xix 

VALVES, REGULATING. 

Fo!!owing front cover 
Ross Valve Mfg. Co., Inc. xvii 

WASH FOUNTAINS. 

Mills Engineering Co., Inc. ............. xiv 

WATER-PROOFING. 

Gunite Restoration Co., Ime. ii 

WATER WASTE DETECTION. 

Pitometer Associates, Inc., iii 

WELLS, GRAVEL, FILTER AND DRIVEN. 

Layne-New York Co., Inc. iii 
Maher Co., D. L. iii 


WROUGHT IRON PIPE. “(See Pipe, Wrought Iron and Steel.) 
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ADVERTISEMENTS. 


Where installations are planned for 
long-term service to assure low cost per 
service year, water works engineers rely 
on cast iron pipe as a dependable and 
adaptable material. Consequently, it is 
specified for a wide variety of applica- 
tions, both utility and industrial, includ- 
ing water supply, sewerage, fire protec- 
tion, process industries and many forms 
of special construction. Long life and 
low maintenance cost are proved results 
of the high beam-strength, compressive- 
strength, shock-strength and effective re- 
sistance to corrosion of cast iron pipe. 
Cast Iron Pipe Research Association, 
Thos. F. Wolfe, Managing Director, 122 
So. Michigan Ave., Chicago 3, Ill. 


Cast iron water main still function- 
ing in Boston after a century of 
service. 


(CAST IRON PIPE 


xXxV 
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— Ball-and-socket joint cast iron pipe for water main crossing river. 3 
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ADVERTISEMENTS. 


RADAR controlled and guided, high speed rockets strecking through the 
stratosphere moy deliver New York mail to Son Francisco in less thon on hour! 


100 years from now... 


WE MAY SEND MAIL BY ROCKETI 


A century from nowa wonderful, exciting and different 
world. But there will be one familiar note. The cast iron pipe 
laid today will still be carrying water and gas to the homes 
and industries of tomorrow. 

In over 60 American cities, these dependable cast iron water 
and gas mains, laid more than a century ago, are still serving 
efficiently. And modernized cast iron pipe, centrifugally cast, 
is even stronger, tougher, more durable. 

U. S. Pipe is proud to be one of the leaders in a forward- 
looking industry whose service to the world is measured in 
centuries. 


U. S. PIPE AND FOUNDRY COMPANY, G Office: Birmi 


A WHOLLY INTEGRATED PRODUCER FROM MINES AND BLAST FURNACES TO FINISHED PIPE. 
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The Journal of the 
New England Water Works Association 


is a quarterly publication, containing the papers read at the meetings, together 
with reports of the discussions. Many of the contributions are from writers 
of the highest standing in their profession. It affords a convenient medium 
for the interchange of information and experience between the members, 
who are so widely separated as to find frequent meetings an impossibility. 
Its success has more than met the expectation of its projectors; there is a 
large and increasing demand for its issues, and every addition to its sub- 
scription list is a material aid in extending its field of usefulness. 

All members of the Association receive the JouRNAL for three dollars per 
annum which sum is included in their annual dues; to all others the sub- 
scription is four dollars per annum. 


TO ADVERTISERS 


"TBE attention of parties dealing in goods by Water Departments is 
called to the JouRNAL oF THE New ENGLAND WaTER Works AssociATION 
as an advertising medium. 


Its subscribers include the principal WareR Worxs Con- 
TRACTORS in the United States. The paid circulation is 1,200 coptzs. 


Being filled with original matter of the greatest interest to Water Works 
officials it is PRESERVED and constantly REFERRED TO BY THEM, and 
advertisers are thus more certain to REACH BUYERS than by ayy other 
means. 

The JourNAL is not published as a means of revenue, advertising being 
inserted solely to help meet the large expense of publication. 


ADVERTISING RATES 


One Issue Four Issues 


Size of page 4% x 7% net. 
A sample copy will be sent on application. 
For further information address the Advertising Agent 


Mrs. Auice R. Me.rose, 
73 TREMONT STREET, 
Boston 8, MASSACHUSETTS 
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COSTS ARE REDUCED WHEN LEADITE IS USED 


Of course, the greatest advantage in using LEADITE, is, that 
it makes a good, tight joint,—and thus reduces leakage to a 
minimum,—but LEADITE also offers the following advan- 
tages, which are worthy of serious consideration: Saves 
caulking expenses—Reduces cost of digging large bell-holes 
—Saves in cost of material—Reduces time required for 
pumping “wet trenches’”—Saves time in preparation—Saves 
time in handling on the job—Saves in freight and hauling 
charges. 


Another point, LEADITE saves “interest charges” by speed- 
ing up the completion of the water line. 


The true value of LEADITE is best indicated by the fact that 
it has been used on THOUSANDS OF MILES of Water 
Mains,—all over this Country, as well as in many Overseas 


Countries. 


The Pioneer self-caulking material for c. i. pipe, 
Tested and used for over 40 years, 
Saves at least 75%. 


THE LEADITE COMPANY 
Girard Trust Company Building — Philadelphia, Penna. 
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